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FOREWORD 



In Junel973,a task group of the National Science Board felt that the scientific 
and technical manpower trends which have developed in the recent pastrwereof 
such importance that they should be the subject of more detailed analyses anc^ 
study. Accordingly, the Board appointed a subcommittee qf its Planning and 
Policy Committee. This Ad Hoc Subcommittee on Manpower/ under the 
chairmanship of Russell D. CXNeaL was charged with the responsibility of 
carrying out a critical comparative study of existing manpower analyses and the 
assumptions which underlie them. 

To aid in identifying the issues and to assist in focusing its study/ th^ 
Subcommittee decided to hold a seminar at which the major concern was to 
develop an understanding of scientific and technical manpower projections of 
supply and demand/ since si:ch projections could serve as a major tool in effecting 
policy decisions. All levels of scientific and technical manpower were addressed/ 
but with concentration at the doctorate level. The seminar was structured to 
include -participants with various points of view regarding the value of 
projections/ and whether and how they might be improved. Amongthose present 
were experts in the preparation of supply and demand projections of scientific 
and technical manpower/ as well as users in industry/ government/andacadem:a. 
Allan M. Cartter served as chairman and moderator of the Seminar/ as well as 
assisting in its planning and organization. 

Six major papers were commissioned and presented at the Seminar, held on 
April X6-X5,X974 , in Hot Springs/ Virginia. The major themes addressed were: 

• The accuracy of past projections of scientific and technical manpower 

♦ The methodology/ assumptions used/ and limitations employed in 
projections of scientific and engineering manpower supply and demand 

• The uses^ limitations/ and impacts of these projection*; 

♦ Methods for enabling students to make career decisions 

* Possible steps to aid students and others over the long term to evaluate 
the reatizabitiTV of their anticipated futures 

After consideration of the many problems and possible solutions offered at the 
Seminar/ their feasibility and timeliness/ the Subcommittee formubted its 
recommendations. These are found in its report Scientific and Technical Manpowins^. 
ProjecHons (NSB-74-266). Also to be found in that volume are an overview of the 
Seminar and highlights of the presentations. 

This volume contains the proceedings of the Seminar/ including the 
commissioned papers and a complete listing of all participants. 
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1. opening Comments 



H. Guyford Stever: 

Director, 

National Science Foundation 

lam very glad that the National Science Board has decided toestablishan Ad 
Hoc Subcommittee on Scien tific and Technical Manpower, and that the concerns 
of this committee are being discussed at this conference with a wide range of ex* 
petts^ The National Science Foundation has responsibilities with respect to scien- 
tific and technical manpower; broadly stated, our mission is to insure the health 
o5 American science, and one part of that is insuring an appropriate supply of 
manpower. Also^ we are obliged to provide the various branches of government 
with information on which they can base policies and programs with respect to 
manpower. 

At the bread national scale we are faced with a lack of knowledge about the 
elements of scientificand technical manpower issues. The effects of government 
support and the effects of technical opportunity are still not understood. Nearly 
everyone approaches the manpower problem from the standpoint of his own 
anecdotal evidence. We know, as individuals, why we started in science or 
engineering, and we think everyone else started for those same reasons, but we 
know little of the broad behavioral implications. 

If we are the head of a university, a department, or a research laboratory, we 
know our job is made easier if there is fellowship money or traineeShip money 
available. We know, if we are from an elite school, that fellowship students will 
flock to our kind of institution. But still, it is on ouranecdotal experience that we 
seem to base our broad scale judgments. 

With respect to its role, government has never thought out very carefully its 
role in supplying first-class talent in science and engineering. There are many 
policy issues; for one. Federal support for manpower training has been declining. 
For another, inadequate consideration has been given to unemployment and 
related issues as they <iit: affected by change in government policies. All of us, in 
both institutional and industrial settings, have shared in the consequences. In 
these brief remarks, let me emphasize our need (or a greater depth of 
understanding of manpower issues if .there are to be more effective policies and 
programs, and if we are to present young people with useful information 
concerning career choice and Career opportunity to enable them to make 
intelligent decisions, both for themselves and for the scientific enterprise. 
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Allan M* Cartter 

Seminar Chairman, IVofessor in Residence, 

Department of Education, 

University of California at Los Angeles 

I would like to express my appreciation to E>r. Stever and to the spedal com- 
mittee of the National Science Bdard, which has taken such a lively interest in the 
topic of this seminar. It is a pleasant duty to call together those who have interest 
and expertise in manpower projections. Ten years ago a seminar such as this 
would have had a limited roster of participants^ but now we easily could have 
doubled or tripled the forty who are here. 

A review of the literature of the past ten years would accord places of honor 
to a number of persons. For a period of nearly twenty years^ Dael Wolfle was 
almost "Mr. Manpower'' in Washington^ D.C He kept a lively interests had more 
insight than many^ and encouraged others to work in the area of manpower.The 
predictions and projectionsof Barney Berelson have turned out tobe surprisingly 
accurate^ ^and he had a significant impact on a number of us. Dick Freeman 
probably has been the most prolific writer on the subject for the last five years^ 
and he has very capably demonstrated that the market really works. The best 
monitoring and early warning system of any of the disciplines or professional 
societies was developed by Lee Grodzins and his colleagues of the American In* 
stitute of Physics. Pfcpefullyy this conference will give rise to some device by 
which we can encourage other professional groups to do what AlPhas done for 
physics. 

One can almost assess the changing state of the art tn manpower projections 
by reviewing the successive NSF reports on doctoral supply and utilization^ per* 
formed under the directionof Charles Falk. Certainly the last report proceeded to 
a degree of sophistication that was not available six or eight or ten years ago. 

For the last eight years Chuck Kidd has become the graduate education 
watchdog for the American Association of Universities and has been astutely 
analyzing trends in doctoral production. My own name would be on the citation 
lists. If I contributed anything it was what seemed obvious to an economist; 
namely that graduate educatioity insofar as it trains college teachers^ is really the 
counterpart of an investment goods industry. The demand for its product 
depends upon the rate of change in total demand or total enrollment. 

In retrospect I regret that Barney Berelson and I were so critical in the early 
1960's of the National Educattott Association's biennial surveys on teacher supply 
and demand from 1953 through 1963. The criticisms helped destroy thesurveys, 
and that was unfortunate because NEA had collected more good data and spent 
more time focusing on teacher supply and demand thai ^ny other agency. So 
much for the past. 

The market for doctoral scientists is tntrigutngy in part, bec^sjse the demand 
for Ph.D.^'s is dividet' almost equally (perhaps closer to 55/45) between academic 
and non-academic demand. 'Nearly two^thirJs of the latter depena on govern- 
ment funding for research and development. Thus^ one can almost isolate two 
markets for doctorates^ one academic and the other government-related. The 
papers for this t^eminar try to look at both markets^ and highlight some of the 
problems of assessing future manpower needs. Until very recently we tended to 
believe that academic demand was quite predictable^ and that the factors 
influencing college enrollments were relatively stable, but events of thepast two 
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. Qr three years are disabusing us of this assumption. While we all recognize that 
the Vietnam war and the draft were having a fatrly significant impact on college 
attrition rates and entrance to graduate school i think most of us were un- 
prepared for the recent reversal in trends in high school e^^aduat[on rates and 
college entrance rates. 

It might be useful to begin this seminar with some selected key ratios of 
education progress[on for the last ten to fifteen years (Table This gives us a 
common beginning point. Inadditiom it might be interesting toconsiderwhythe 
assumptions made in earlier projections turned out to be false. 



TaWe 1,1 

Selected Key Ratlot of EducatlShtt Progression; 
Actual 195S/S6 Itirough 1973/74, and Piojected to 1980/81 



Year 


High School 
Graduation 
Rate' 


College 
Entrance 
Rate* 


ColJege 
Graduation 


Graduate 
Enrollment^ 


Ph-O- 
ComPletfor 
Pate* 


1955/56 


631 


-496 


n,eu 


-45 


aa. 


1957/58" 


-653 


-501 


n,a. 


-51 


aa. 


1959/60 


-726 


-501 


-522 


-57 


aa. 


1961/62 


689 


-517 


-517 


m 


-075 


1962/63 


-696 


-535 


.521 


-66 


-075 


1963/64 


824 


-528 


-535 


-70 


-076 


196^^5 


712 


-535 


-516 


-74 


-oeo 


'-965/66 


757 


-541 


-506 


-76 


-061 


1966/67 


760 


-516 


-537 


-79 


-063 


i9eri,68 


771 


-537 


-556 


-81 


-082 


1968/69 


-765 


-603 ' 


-546 


-79 


-083 


1969/70 


782 


-818 


-581 


-76 


-084 


1970/71 


-765 


-615 


-596 


-73 


-082 


1971/72 


-768 


.600 


-571 


-69 


-079 


1972/73 


764 


^76 


rta. 


-67 


*-076 


1973/74 




*-578 


n-d. 


*-66 


n-a. 


Pro'«ted 












1975/76 


776 


-586 


-579 


-65 


-072 


1980/81 


80t 


-6t7 


-58$ 


-62 ■ 


-070 


1985/86 


821 


-643 








1990/91 


836 


-659 









' Pf tlimtn^ry data 

school g'Adu3t«Vaveragao<*$e t7and lBpoptt1»- 

t>On 

' f ii»t-time coii0g« (degree crcoit enrotimeot/ttigh Kttool 
9raijuat9i previous academic /eat 

* Baccalwreate c]frgr««^av«fa0e U%i\.van^ enfOlimcnt ol 
three ^wt tour yeart eatuef 



'firtt^y^ar fjr^Cfuattt efirOtimefYVwetgtit^d average 
B A 's one 10 four v^ar» caiJier (t^^thal (int^^)rgratfuaT« 
»t»0eni« afooot trie^me ar hrst-timeiJfac]uaTe»iud«nt».tne 
latie^ cori«utvia on</ atM>ot ^0 percent of ttt« former ) 

' Ph D J afcyaftfe^av^age Ut^Uyt^t eflrct|(ne«ii touf » 
t^^en ycafS eait^^r 



The time series of high school graduation rates rose fairly consistently toa 
peak about the year 1966^ and then turned down- Most analysts inthelatel960's^ 
and even in 1970 or 1971^ made the assumption that the high school graduation 
rate vvould continue to rise about, one percentage point per year until ap- 
proximately t960, then level off at about 90 percent of average t7-t6age popula- 
tion- In reality, the high school graduation rate dropped to about 76-5 percent in 
the years t972-73- Most analysts would attribute the reversal to the end of the 
draft- 
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Oinsider also the college entrance rate—that is, firsMime college entrance 
in relation to high school graduates. This is a rising series that peaks in years 
1969-70. Again, analysts in the late 1960's and early 1970'$ assumed that college 
entrance rates would continue to go up steadily over the next decade. The rever- 
sal has been fairly marked, and the rate has now dropped nearly 7 percent. 
Further, one does not know what the future trend will be. 

The data on college graduation rates (baccalaureate degrees divided by 
average first time enrollment three and four years earlier) peaks in years 1970- 
71, and also appears to have turned down. 

The data on first-year graduate students (enrollment in relation to a 
weighted average of baccalaureates granted from one to four years earlier) show 
apeak in years 1967-63, followed byafairlysharpdrop,Thisdropoccurredatthe 
time when the public became aware of tue deteriorating job market and was 
coupled with the removal of the draft exemption in the summer of 1969, 

The data on the Ph. D. compteUon rate (the number of Fh.D.'s awarded in 
relation to first-year enrollments from four to seven years eailter) peaked in the 
years 1969-70, and it also has declined since then. However, it is interesting to 
note that for women the Fh.D, completion rate and the first-year graduate en- 
trance rate are continuing to increase, so that the decreases for men are sharper 
than the average indicates. 

Looking at the bottom of Table 1,1, noprojections are estimated for 1955 and 
1990 in the throe right-hand columns because that is where the market forces will 
have a fairly significant influence. As for the two left-hand columns, it can be 
assumed that decisions to graduate from high school and to enter college are not 
very responsive to market forces as we think of them, short of another great 
depression. 

The U.S. Office of Education has begun collecting data on first-time 
enrollments in graduate and professional schools (Table 1.2). Putting that infor- 
mation together with data on first-year students, one canestimate the entrance 
pattern for the last 15 years. Table 1,2 indicates that the proportion going to 
graduate school— that is, the ratio of column 3 to column l^peaked in 1967 and 
has decreased sharply since then. In the case of the professional schools, the peak 
occurred about 1970*71. While the absolute numbers seem to begoingup at a rate 
not quite keeping up with the increase in baccalaureates, by 1973 we appear to be 
back to the overall percentage of students going on to post-baccalaureate studies 
that we experienced in 1962. 

Table 1.3 ihov/sestimatedenrollment figures for various levels of education. 
Total enrollments are shown by sector to the year 1955, The undergraduate 
enrollments after that time are based on Series F Census projections which at the 
moment look like the best of the census series. It appears that there will be a 
period of steady but somewhat modest contraction in enrollments until the mid- 
1990's, something that we would not have anticipated a few years ago. 

Figure 1.1 &hows what the various census projections tell us is likely to 
happen to the size of the college age group. Because the easiest age group to take 
out of the census series is the 20 to 24 group, that is the one shown. There is an 
amazing difference between today's Series F projection and Series B from 1967. 
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Until 1970, most of us used Series B the most reasonable of the projections. It 
shows a growth to 26.5 million age 20 to 24 students by the end of the century. 
Now, Series F projects only 17.5 million for this age group at the end of the cen- 
tury. This is obviously a drastic change in expectations. Series Fprojectk)ns,oUt 
to the year 2020r indicate that for the next fifty years there is likely to be no 
growth in the size of the college age population, and that is a very different world 
than we anticipated five or ten years ago. , 



Table 1.2 

Ratios of Estimated First-Time Stuctentv In Professlonai and Graduate 
Schoois in Relation to Weighted Average of B*A/8 1-5 Years Earlier 





Weighted 


FIrsHime 


Firet-tifne 










Average 


Professional 


Graduate 




Ratio 






of B.A.*8 


EnroMmeftt 


Enrotlmeftt 






Year 


tOOGfs) 


(OOOfs) 


(OOO's) 


2/1 


zf^ 


2+3(1 




(1) 


(21 


(3) 








1955 


291 


26 


60 


.09 


.21 


.30 


1956 


2$2 


27 


66 


.10 


.23 


.33 


1957 


295 


27 


69 


.09 


.23 


.32 


1958 


313 


27 


79 


.09 


.25 


.34 


1959 


334 


28 


88 


.08 


.26 


.35 


i9eo 


350 


28 


94 


.08 


.27 


.35 


1961 


361 


29 


■ 103 * 


.08 


.29 


.37 


1962 


374 


31 


113 


.06 


.30 


.38 


1963 


395 


33 


127 


.06 


.32 


.40 


1964 


427 


35 


146 " 


.08 


.34 


.42 


1965 


466 


36 


165 


.08 


.35 


.43 


1966 


492 


36 


178 


.07 


.36 


.43 


1967 


524 


38 


196 


.07 


.37 


.45 


1968 


576 


45 


210 


.08 


.36 


.44 


1969 


648 


55 


226 


.08 


-35 


.43 


1970 


720 


63 


242 


.09 


.34 


.42 


.1971 


779 


66 


246 


.09 


.32 


.40 


1972 


832 


68 


^257 


.08 


.31 


.39 


1973 


'883 


'70 


'269 


.06 


.31 


.38 



' Jocr«ft$«« bAtwi on ETS/CGS SH^* 



Table 1.3 

Actual and Projented Degree^Credit Enrollment^ Selected Years 

(OOO's) 



First Ph^D.'s 
Year Undergraduate Professional Graduate Total Awarded 



1955 2258 160 242 2.660 8.9 

1960 3058 169 356 3.563 " 10.6 

1966 4689 218 619 5.526 1^2 

1970 6677 343 900 7.920 32.1 

1975 7690 443 1064 9.197 39.5 

1980 $631 507 1136 10.174 4a7 

1985 8186 560 1216 9.962 45.8 

1990 7910 

1995 7333 

2000 8197 
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Fagure 11 

Proiected Size of 20^24 Age Group to Year 
2000, According to Alternative Census Series 
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1970 ' J980 1990 2000 

YEAR 

Many of us have been critical of the Of ficeof Education projections, not only 
because the data were usually several years outof date, but because those projec- 
tions have tended to swing to the extremes. It appears that OE's projections in the 
period of 1970 to 1972 were too optimistic, while their latest projections are* I 
believe, too conservative. The Office of Education's projections may turn out to 
be the perfect example of Freeman's cobweb theorem in which variables oscillate 
around an equilibrium. 

This year's OE enrollment projections for 1980 are two million fewer than 
they had in their 1973 projections. Iftheyare correct/ the net addition to full-time 
faculty in the 1972 to 19&2 decade will be only 34^00 faculty members. This 
fewer than were hired in the single year 1965. During the period from 1967. to 
1972 the number of full'-time faculty expanded by 211/000. For the coining 
decade, the Office of Education suggests that the net increase in full-time faculty 
will be 34yO00. Only a year ago OE was projecting an increase of 125/000 for the 
coming decade. The revisions in OE's projections have been rather extreme. 

There is a commonly held view now that the period from 1970 to 1972 was a 
time of readjustment, and things are getting back into reasonable balance. We are 
once again talking about a shortage of engineers today while in physics it looks as 
if Ph.D. production may drop to only eight or nine hundred per v*^- ' the late 
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It IS appropriate that we have oontinuingconcern for the possibility of short- 
ages in some fields, particularly in science and engineering fields where a brge 
part of eventual employment is going to in government and industrial R&D. 
However, the over-supply of doctorates in the general academic labor market 
loob grimmer for the period from I960 to the early 1990's than it has at any time 
in the past. 

I am pleased tha^NSF is beginning to realize that there may be a growing 
long-term manpower problem, especially at a time when the ETepartment of 
Labor and the Department of Health, Education and Welfare seem not so con- 
cerned. Perhaps by the end of this meeting we vWll have a much better grasp of 
what we do and do not know, and how we can better monitor and improve man- 
power projections. 

I would like to give special credit to Dr. Russell CyNeat of Bendix^ (Chairman of 
the Ad Hoc Sibcom mittee of the Board, for being instrumental in organizing this 
meetings and thank the NSF staff and other members of the Board committee 
who have been extremely helpful. 
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2* Experience in Projection o( the Demand (or 
Scientists and Engineers 



This chapltr is based on the oral presentatwn of Harold GoldsUtn aKd on his paper* The lead 
discussants were David W. Bremmant i^aiional Board on Graduate Bducafton, and B.O. Evans, 
IBM Corporation. 

Harold Goldstein 

Consultant 

National Manpower Institute, Washington, D,C, 

The Need 

Why do we need projections? Who uses them, and for what? Projections 
serve the purpose of providing infonnation for dedsions. The decisionmakers 
needing prelections of demand of scientists and engineers are: 

* Young people. They need them to make vocational choices, particularly if 
they are considering occupational areas which require long training 
period sTBefore investing years oftime, effort and possibly large sums of 
money, young people want to know their prospects for finding employ* 
ment in a particular field as well as their potential earnings. If they could 
be helped to choose fields of study more in line v^th future manpower 
requirements, the great fluctuations in the supply/demand aspects of 
the labor market might be smoothed out. 

* ^ 

* GooemmenL Prelections provide the government wth data which may be 
used to develop educational support policies, or to determine the possi- 
ble impact of new programs on the availability of trained manpower, or 
to limit the scope or extend the time frame of p rpgrams. New programs 
affect manpower supply and demand in that they can indicate the need 
to train more people, or to provide for dislocations which might result 
from shifts in demand. 

* Indusln/. Industry needs projections to develop its own strategies and 
policies for manpower recruit;nent, training, and retraining. 

* Edtuational institutions. Both as producers of trained manpower and as 
employers, educational institutions must antidpate manpower re- 
quirements. They must decide what programs may be needed and what 
faculty and facilities might be required. 

It was for this first group— young people*— that over thirty years ago the 
Bureau of Labor Statistics began making projections of manpower needs. It 
focused on the professions, the skilled crafts, and other career fields which re* 
quire long periods of training. The information is published every two years in 
the Occupational Outlook Handbook v^hich is widely used by high school and college 

9 

16 



students; 1Q5,QQQ copies of the last edition were sold. Though economic factors 
are not the only ones which affect vocational choice, the projections of employ- 
ment opportunities and salaries in the Handbockhelp young people make rational, 
decisions! for themselves, by providing accurate and timely information. 

The Statemeitt 

In making predictions to aid decisionmaking, we can either try to forecast 
what loiJf happen, how demand and supply will be forced into equilibrium by the 
wage mechanism, or we can state the problem and leave the decisionmaking to 
the participants, t favor the latter approach. Specifically, this means that predic- 
tions of requirements for workers are made assuming continuation of present 
economic patterns, the growth of different sectors of the economy, and the 
uttliTatton of different occupations independent of the supply of manpower. 
Secondly, projections of the manpower supply, of the number of young people 
entering each occupation are made based on the continuance of present patterns 
of occupational choice. With these approaches, two projections result which can 
be examined for areas of match and mismatch in anticipated supply and demand 
for partidiW types of manpower. These data indicate the direction and 
magnitude of imbalances which may occur and provide information of use to 
decisionmakers. 

The first task is to project requirements. This is done assuming unchanged 
relative wages and prices. Traditionally, the methods for projecting requirements 
which are used in this country and elsewhere are directed toward analyzing the 
factors that affect demand. An analytical method isused toproject demand rather 
than surveying individual employers as to their own future needs because the 
latter method has not worked well in the past. Figure Z gives data about the 
current utilization of scientists and engineers. (See also Table Z.1 in the accom- 
panying paper.) Note that something like 50 percent of the engineers and 4o per- 
cent of the scientists in the U.S. work in industry. Of the engineers in industry, 
about one-third work in R&D; of the scientists, about one-half work jn R&D. 
Thus. R&D expenditures in industry in particular have an important effect on in- 
dustry's need for engineers and scientists. 

In order to make meaningful projections, analysis must be disaggregated. In- 
stead of considering scientists in general, one must consider chemists, or to be 
even more meaningful chemists working in the paper industry. The paper in- 
dustry, for example, employs four or five thousand chemists and their employ- 
ment is framed by the activities and interests of the paper industry. Understand- 
ing this environment allows projections which are based in and can be tested 
against reality. It would not be possible to run a similar test on a projection of all 
130.000 chemists, with all their diversities, in all the different Industries that 
emptoy them. 

The government is a major creator of requirements for scientists and 
engineers- As Figure 2.1 shows. a large numberof scientists workingovernment. 
But governmental needs are not strictly market-oriented. The decisions of 
goverr>ment to engage in particular programs and hence to create demands for 
this or that kind of personnel are ultimately based on thedecisionsof legislatures. 
To project effectively, one must look at the programs being mounted in govern- 
ment at all levels and examine the program plan and design in termsof manpower 
requirements, the kind and numbers of workers required, and the mix of oc- 
cupations needed. This requires, however, second guesses about what the Con- 
gress. State legislatures, and other government decisionmakers will choose to 
bring to implementatfoa 

10 

17 



Figure 2.1 

Distribution of Engineers and K^atural Scientists by 
Type of Employer and Percent Engaged in R&D (a) 
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50URCH; H. Go1ditetn^b3$«d on data Uom the Bureau of Labor 
Statjitlcs and the National Science Foundation. 



Projections of requirements in industry and government require estimates 
of the demand for scientists and engineers in terms of specific factors which 
affect iti the level of economic activity in each sector of industry^ the amount of 
R&D engaged in by each sector/ and the ways in which scientists and engineers 
are utilized in each sector. These activities, however/ donot function in isolation/ 
they are interdependent with national activities such as the growth and changing 
composition of the population/ national income and production^and the distribu- 
tion of products. 

11 



ERIC 



18 



The Method 

•4' 



The Bureau of LaborStatistics^ as part of a federal interagency researchproj- 
ectoneconomicgrowth^ is engaged in the preparation of projections of long -term 
trends in industrial and occupational growth. The BLS seven-step projection 
model/ described in the accompanying papen requires a functional model of the 
total economy since it involves such things as projecting the growth of the 
economy^ the growth of various industrial sectors^ and changes in the composi-^ 
tton of each secton ^ 

In making the projections^ assumptions are made about the rate of economic 
growth which in turn is based on the projected growth of thelaborforce^ assum- 
ing full employment and expected productivity growth. An underlying assump- 
tion of BLS projections is that we would be close to full employment (4.0 percent 
unemployed). If that assumption is not satisfied^ it will affect the employment of 
scientists and engineers. The projections include theuseof input/output analysis 
which allocates final demand for consumed products tothe various producing in- 
dustries. For example/ the demand for automobiles relates to the auto industry/ 
but it alsorelatesto the steel industry^ glass and rubber industries/ and other con-^ 
tributing suppliers of the auto industry ;J[he results of the analysis are checked 
against independent multiple regression analyses of the relation of production or 
employment in each industry to the major variables affecting it. 

One difficult factor to assess is the occupational mix of industries; this mix is 
used to determine future employment by occupation. Whilesome substitution of 
one profession for another occurs among scientists/ engineers and technicians/ 
the amount of substitution appears limited. Also/ the mix is affected by 
technological change. This poses problems in making projections since scientists 
and engineers aie at the forefront of technological change and thus are the 
originators as well as the recipients of the effects. 

For information about the current occupational mix of scientists and 
engineers in industriesr the decennial census has been theonlydata source, but it 
ha& been rather inaccurate; moreover it has given us aggregated occupational 
composition for each industry/ not data on individual pbnts. The [department of. 
Labor is just beginning to make systematic surveys of employment by occupation 
in individual plants; the resulting data are expected to aid in the analysis of 
differential occupation;iI composition. 

The results of the latest BLS projections of requirements for workers in all 
occupations were issued in December 1973. The projections for scientists and 
engineers are shown in Figure 2.2/ based on data in Table 2.2 in the paper. The 
projected requirements of 1985 indicated much slower growth from 1980 to 1985 
than is expected for the period up to 1980. The tentative conclusion is that when 
occup<itional requirements are projected against projected supply^ there will be, 
in the early 19dOS/ more persons qualified to work in the scientific and engineer- 
ing professions than there are job&. This means more of today's students will be 
employed in nonprofessional, nonmanagerial occupatio'ns in the future than m 
the past; that is to say^ they will be underemployed. 

Again, however, all this could be— and, wehope<is a result of publication of 
the projections/ will be--affected by changes in choice and preparation of 
students. 
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Figure Z2 

Emptoyment aid Demand for Engineers 
and Natural Scientists, 1972 1985 
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SOURCE; H. Goldsterni bated on data from the Bureau of Labor Statittici. 

The Outcome 

A reasonable question toaskis/'Howwell have past projections been made?'' 
The response comes with caveats. Projections cannot betested accurately against 
the actual; firsts because assumptions underlying the projections — such as full 
employment and no war*~are not borne out and second because d^emand v s ex- 
plicitly plotted without consideration of supply, and supply without considera- 
tion of demand. It was expected that adjustments would be made in both supply 
and demand as decisionmakers reacted to the projections and to unfolding events. 

The projected requirem. its for scientists were fairl)Lclose to actual; the re- 
quirements for engineers in the past decade were overestimated.. A principal 
reason for the overestjmation was the assumption, quite generally held in the 
early 1960's, that R&D expenditures would increase to 3.7 percent of the gross 
national product. It never achieved more than 3 percentof GNPandinthel970's 
tapered off to 2.7 percent. This ted to overprojection. 

A review of projections made since the beginning of the 196&S indicates that 
^ the projections are getting better. This is due to improved techniques and more 
sophisticated methodologies. It is not to say. however, that further improvement 
is not needed. 

In conclusiDn/ several points should be emphasized: 

♦ The need to replace manpower^ because of death or retirement, will ac- 
count for a large part of future empbyment opportunity. A lotof time is 
spent on analysis of demand, but not enough on replacement. More 
attention must be given to it. 
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• Research should be expanded on the question of utilization of oc- 
cupations in industry and the responses of industrial organisations to 
technological change* relative wages* and general supply ^tid demand 
factors. 

• Occupational data must be analyzed and disaggregated by plants in 
order to be of maximum usefulness. 

• Sliort-term pi»ojcctions are needed. Typically projections have been for 
ten to fifteen years forward. Four or five-year projections would be 
useful for many purposes* 

• iVIethodologies must be examined and systematically checked to deter- 
mine the sensitivity of the projections to their various internal assump- 
tions. 

• Continuing and unremitting research on manpower projections is need- 
ed and mustbecarriedonin the broad context of the whole economy and 
for all the relevant occupations. We need to know how occupations n^e 
interrelated. Responsible analysis requires a continuing across-the- 
board research program in the field of manpower projections. 



David W. Breneman, Discussant 

Staff Director, National Board on Graduate Education 

Three themes seem to be common to the papers prepared for .the conference. 
The first is the attempt to understand the bbor market by meanf^of economic 
analysis of supply behavior. Freeman's work is perhaps the best example of this 
type of analysis* A basic question is the extent to which students respond to the 
economic aspects of the market. Goldstein inhts written paper and in his remarks 
commented on this problem when he noted that . .economic information plays 
onlya modest role in career decisions,"and that". . .psychofogical and social fac- 
tors as well as personal commitments io a field of interest" play a role in the 
jchoice. The question is what quantitative role do the various factors play? 

It is evident that projections ignoring market demand are simple nonsense, 
yet the arguments which occur on this subject are usually anecdotal. Everyone 
knows students who are going into physics no matter'what. When this type of 
argument arises there is a tendency for the arguers to say eitl^er that the. 
economic models of student response to demand are accurate (i.e^ all students are 
choosing fields with regard to wages)^ or that the models are totally wrong. 

What Is lacking is an understanding of how important the various factors^ 
economic as well as social are in the process of career choice. Neitherposition^all 
economic or all socialjs correct. Thereis a distribution of reasons. Some students 
are probably influenced almost totally by price; some hardly at all 

There is no reason, thought why a supply-demand curve for manpower can- 
not be drawn incorporating all classes of students^ witli this analysis used in nian- 
powter projections. Empirical estimates of how responsive the supply curve is to 
economic effects are important pieces of information. With that sort of informa- 
tion, forecasts can be made about the likely affects of simple economic factors. 
This research is in its very early stages, however. 
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A second point concerns the inability of projections to be integrated with 
policy variables. A case in point involves the report of the Newman Task Force on 
Graduate Education.Onefinding was thatduring the X960's when large amounts 
of federal money were spent supporting science and engineering in the univer* 
sities, the proportion of Ph.D/s in science and engineering did not increase with 
respect to total Ph.D. production. The conclusion reached by the Task Force '.?as 
that universities had been substituting (ederalfunds for their own in the sciences 
and shifting their own funds to humanities and the social sciences. This is a fun* 
damental policy issue and one that those who have been making projections 
should be in a position tocomment upon. In spite of alUheworkon factors affect* 
ing Supply and demands an evaluation of the conclusion cannot be made^in p3rt 
due to the failure of projection techniques to consider behavioral components of 
the total system. A more explicit analysis of the behavioral side^ an example of 
which is student supply behavior^ is necessary before conclusions can be reached 
about what policy variables do or don't do. 

At least one potential data base exists for examining this question, the NSF 
Graduate Student Support surveys. Over the past few years^ federal support for 
fellowships has been drastically reduced. What effect has this had on the number 
of students^ their distribution by university^ and what (if anything) is happening 
to the quality of the students? We need to analyze existing data for insight into 
these questions. 

l^nally^ one great enigma concerns the response of the universities. In the 
manpower market the universities are the producing firms. Yet there are almost 
no studies of the '"theory of university behavior.'' Adjustments of many types are 
occurring and yet the modes and mechanism^of response are not being analyzed 
UniversitieS'WitI .not expand or contract simply as a means for pumping out 
trained manpower. To make adequate projections^ present techniques must he 
augmented and an analysis of the producingsector of the market included if im* 
plications of various policy options are to be understood. 



B, Evans, Discussant 

Office of the President. IBM Corporation 

Mr. Goldstein's approach^ forecasting demand by analytic methods based on 
econometric models of GNP and R&D expenditures, yields projections which 
may be accurate in the large/ but may not be accurate in the small. It is the tech- 
nique of mailing questionnaire to individual industries which is probably Un- 
reliable. IBM's experience is^n example of what might occur. 

]n 1950^ IBM employed less than 3^000 scientists and engineers; in 1964 the 
number had risen io 10^000; in 1973 it had risen to 20^000. This sort of increase in 
demand for scientists and engineers couSd be forecast. What would offer more 
difficulty is predicting the mixof specialties within that demand. The mix changes 
as a result of technological changes within the business^ the technological 
changes in turn being stimulated by the scientists and engineers. 

The speciality changes were dramatic within IBM. For example/ in 1950^ 50 
percent of the scientists and engineers were mechanical engineers. There were 
no programmers nor were there any significant pumber of physicists. In 197^, 
mechanical-engineers comprised less than 6 percent of the work force^ with 
programmers now comprising 36 percent. Physicists accounted for 5 percent. 
The question is raised as to whether the macro approach ("top-down") would be 



15 

22 



sufficiently sensitive, even in {ts disaggregated form, to offer useful manpower 
data in a situation such as this. Better techniques of building internal data of this 
type into the models should be explored. Perhaps questionnaires to industry offer 
a means to develop some of this data, ^me way must be found to get industry to 
pay attention to the questionnaires and to introduce more accuracy to their 
responses. 

The computer industry might be an excellent candidate for case study. The 
applications of computers now touch more industries^ businesses^ and in- 
stitutions that will generate professional requirements in the future. Analysis of 
specific requirements of the computer industry might in this sense give a valuable 
indication of future needs for scientists and enj^neers in the society. 



General Discussion 

Following the remarks of Mr. Goldstein, Dr. Breneman, and Dr. Evans, 
general discussion raised several new points and expanded on some already dis- 
cussed. The areas of concern are listed below. 

* The question of how inclusive econometric models actuaUy are was 
raised. It was agreed that conceptually they could be made to be all in- 
clusive, but in fact they are not . It was suggested that a promisingarea of 
research would be to see how far the models coutd be pushed even in 
their present states. 

* The question of the real meaning of percentage changes in manpower 
demand was examined. Lee Grodzins presented data on migration of 
faculties in physics departments from 1972-73 tol973-74. While the ac- 
tual change in positions was only 23 (a drop), this small change was 
accomplished by 291 faculty leaving and 256 entering (the two sets are 
Independent) for a flux of 547. Thus, while the actual number of faculty 
employed changed from 4,481 to 4A55, this was accomplished by 547in- 
dividuals actu;4]ly switching jobs. This same situation is probably true in 
industry. Grodzins stressed that upgrading in employment— the hiring 
of Ph.D.'s into positions held by nai-Ph.D.'s— is proportional to theflux 
of employment (the 547 figure above) and not on the net change (the 23 
figure, above). 

* The possibility of substitutbn was discussed; it was noted that while 
engineers are lumped together in projections, there is probably less of a 
chanceofone engineering specialty substituting foranother than that of 
one scientist substituting for another. For example, there is a greater 
difference between an agricultural engineer and an electrical engineer 
than between a physicist and a chemist. Further, 110 engineers (refei^ 
ring again to Grodzin's data) who received their Ph.D.'s in 1972 joined 
physics departments and twelve chemists became physicists. In $hort, 
models must include consideration of these substitution possibilities if 
they are to accurately represent the potential supply of manpower to fill 
demands. {Vhth total substitution, the problem would vanish,) 

* It was agreed that questionnaires aimed at determining demand have 
not been very xjseful, partly because of lack of any response, but partly - 
because response has not been wetl informed. 
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♦ A need does exist for intermediate projections (Le,, projections of five 
years or I^ss). It is possible that these will affected more by short-term 
economic cydes than are the long-term projections which tend to 
balance out, but they may b^ useful. 

The fomnJ paper prepared by Harold GoJdslein for this session appears below^ 

Experience in Projection of The Demand 
For Scientists and Engineers 

This paper will concentrate on the proiectjon of demand— only half of the 
total subject^but since demand and supply are not independent, I will consider 
that 1 have a license to poach on the supply side as well. 

It will begin by looking at the purposes for which projections are made, and 
what they must do to l^est serve these purposes. We will then review the methods 
that have been used and some of their problems, look at the accuracy of ^ome of 
the projections, and conclude with some suggestions for their improvement. 

The major purpose projections serve is to provide information for decisions, 
on the theory that a free market functions best when all the participants are well 
informed. The participants In the scientific and engineering market include 
divlduals (students and adult workers), employers, government, and educational 
institutions. 

1. Individuals choosing a field of training, particularly one requiring an in- 
vestment of several years, want to knowtheirchancesofgettinga jobin 
the future, and their potential earnings. 

2. Government needs to make decisions on the support of education, and 
also needs to know the implications of major contemplated program 
changes (such as launching or curtailing defense, medica! research, 
medical service, housing construction, highways, space, or energy 
research and development) for the availability of trained manpower, 
which may affect the speed with which the programs are launched, or 
policies for the support of additional training. 

3. Employers need information on tvhich to base decisions on recruitment, 
trainIng,utLlization/ salaries, or even capital investment to replace scarce 
labor. 

4. Educational institutions need information both as employers and as 
producers of trained workers^in this case scientists and engineers; they 
have to make long-term decisions on construction and staffing. 

Individuals are listed first because their decisions have a major role In labor 
marked adjustments. While they are in school the young people who will enter the 
labor market annually are potentially the most flexible participants, since they 
have as yet no investment in specialized education or in years of personal commit-^ 
ment to an occupation. If they make their decisions on a course of education on 
the basis of the longer-term outbok rather than the immecfiate situation, we 
might avoid the crazy see-saWing in demand-supply balances resulting from the 
necessarily lagged response to the current labor market picture that Richard 
Freeman describes so well in his account of the '"cobweb" adjustment pattern for 
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occupations wi\h a long training period. A case in point is the drop in fjrst<-year 
enrollments in engineering in response to reportsof unemployment of engineers 
in the past few years without regard to the outlook. Itv^as vWth this need in mind, 
that a President's Advisory Committee on Education recommended in 193S that 
an occupational outlook service be set up in the Bureau of Labor Statistics. The in- 
terest in this information is illustrated by the sales of the Bureau's biennial 
publication. Occupational Oullo&kHQndbook{li);iOB^OO of \heUs\ed\\i^^ 
at the hefty price of about six dollars a copy^the equivalent of more than three 
copies for every high school and college in the United States. 

Having said this/ we have to reali2e that economic information — on employ- 
ment opportunity, wageSf working conditions^plays only a modest rolein career 
decisions. Anyone in contact with youth knows thiS/ and the literature on 
vocational choice bears this out — emphasizing psychological and social factors/ as 
well as personal commitment to a field of interest. This is true evenof the studies 
in which not only psychologists and vocational guidance specialists but also 
economists worked (Zl, ZS). At most, one can say that among all the students in- 
terested in a field there is/ as a result of the value system of each student, a con^ 
ti nuum of degrees of commitment/ at one end of which are th ose who would most 
readily change their goal if employment opportumty or economic reward seemed 
less promising than elsewhere^and this provides some margin of adjustment (3Z). 
One of the questions is whether theinformationavailabletothem— forexample, 
on relative wages — is adequate. 

On the employers' side there are also rigidities and inelasticities in adjust- 
ment to supply^demand conditions. Theory leads us to expect that they will use 
more workers in an occupation when the wages are low relative to those of 
workers who can be substituted/ or relative to the cost of machinery or equip- 
ment that could do the same work; and that the reverse would be true with high 
relative wages. But substitution is limited by the technology of the industry, the 
way work is organi2ed. and institutional factors such as unions, professional 
societies/ licensure la ws* and notions as to what is proper. (Can you seeauniversi- 
ty hiring only mathematics professors because they are cheap this year?) The 
production process/ whether in a cookie bakery or a college^ requires some par- 
ticular mix of occupations. Some substitution is possible, such as using more 
technicians when engineers are hard to get. Substitution also tikes place within 
occupations by using less competent or qualified workers. It is plausible that the 
elasticity of demand in response to relative wages varies among irtdustries and* 
within an industry, among occupations. 

The decisions government has to make in considering new programs require 
not only information on the kinds and approximate numbers of highly skilled 
workers needed for a given type and amount of expenditure, but also theoutlook 
for the demand /supply picture for these workers in the economy, excluding the 
contemplated program. Changing the pace of introduction of the new program/ 
or stimulating additional training are some of the decision responses that might 
follow. 

From these comments on the nature of decision^making we may draw 
several implications for the kind of outlook information that would be useful. 

The time hori2on for projections for use in occupational choice and govern-^ 
ment program development has to be at least as far into the future as the length 
of the period of education or training— a minimum of four or five years lor 
professional occupations/ and longer for many of them. Employers ^md 
educational institutions may be able to make their decisions with less lead time. 
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Since the uncertainty of projections probably increases with time, projections for 
a series of .years into the future— sayr every five years— would be more inform- 
ative than the single^^point projections that are commonly made for ten^year 
periods or more. 

The kind of statement that is ma dels critical. One approach is to makea '1>est 
estimate'' of what is likely to happen. Since the purpose is to tjelp people to make 
decisions that will affect the outcome^a forecast of this kind*^even assuming it ts 
technically possible— appears inappropriate because it prejudges the decisions^ 
and thus obfuscates the important policy issues. 



Another approach is to state what would happen if present trends and 
patterns of rehtlonships were to continue without any attempts to modify them 
to achieve a beaer outcome; the conclusions would suggest whetherany action is 
needed and, if so^ how much. More concretely in application to projecting demand 
and supply of scientists and engineers, this approach would first estimate the 
numbers of each type of scientist that would be employed to meet production and 
other needs if the growth of the economy and thepattems of utilization of scien* 
tists were tocontinueas in the recent past. (This is, more precisely, a projection of 
"requirements'^ under the assumption of unchanged relative w^ges and prices^ 
rather thnn of "demand" which is properly related to wage levels.) Second, it 
would estimate the number of scientists available if current trends in the number 
of students entering the field, and in other patterns of behavior affecting the 
supply (retirements, etc.) were to continue. Comparing these estimates, we learn 
whether present trends are leading to a balance of supply and dema^id or an im- 
balance. The direction and magnitude of tUe imbalance would suggest theextent 
of the adjustments needed. This would leave the options of students^ employers, 
government and schools open for a variety of combinations of adjustment 
measures, such as were described in one of the projection reports by the Bureau 
of Labor Statistics: 



The purpose of these projections of scientific^ engineering and 
technician demand and supply is to provide information on the Nation's 
future scientific and technical manpower situation— both as a basis for 
consideration of possible actions and ^s'a framework of data against 
which the results of these actions may be evaluated. Since the demand 
projections were developed without taking into account limitations in 
future supply, they represent needs in 1970, rather than actual 
employment. . . It is unlikelythat deficits of the magnitude projected for 
engineering manpower, for example, will be clearly observable in 1970. 
Accommodations to the existing manpower situation will occur each 
year, and adjustments will b^ made by employers of these personnel. 
Some adjustments might result in projects and programs being post- 
poned or even canceled. Other adjustments could result in all programs 
stilt being carried out, but only with difficulty, less efficiently, or over a 
longer penod than anticipated. Others could result insteps being taken 
to improve utilization ofavailable scientific and technical manpower. Ef^ 
forts to avert potential shortages might also take the forms of inducing 
more students to major in engineering or ijcience fields or in technician 
programs and of inducing more graduates to remain m their fields after 
graduation. 
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Dlustrative projections of the supply of scientists, engineers and 
technicians likely to be available in 1970 were also developed to ilbstrate 
the relationship of demand and supply if no actions ^ere taken to affect 
the supply. The supply ivas projected on the basis of population growth 
and assumptions as tothe proportions ofcollege-agepopuJationgoing to 
college and the proportions of college students taking science and 
engineering. No attempt was made to allow for fevfents which might 
radically alter currently foreseeable trends, such as speciaf efforts to in- 
crease the supply through legislation by G)ngress or specific actions by 
Government agencies, professional societies^ or industrial concerns. 
The prediction of such events, the results of which could greatly affect 
requirements for or supply of scientific and technical manpower, was 
specifically avoided in this study. Nor was allowance made for more 
marked increases in salaries which might attract additional persons into 
these fields. 



Some combination of these and other adjustments in all {Probability 
will occur. Thus, actual 1970 employment levels will be at whatever 
point a balance develops as the accommodations are made to the supply- 
demand situation. The key question, then, is how the necessary ad- 
justments can be niade— whether they can be accomplished with a 
minimum of diskKation to the economy and without disturbing the free 
marke* mechanisms through which manpower allocations and utiliza- 
tion have traditionally been determined in this country (3, pp. 1, 4). 

I would add that research on the elasticities of response to labor market im- 
balance, or relative wage changes,would help participants to judge the extent and 
kinds of adjustments needed. The decisions should beleft to them rather than be- 
ing taken over by whoever does the forecasting. 



Methods for projecting requirements for scientists and engineers 

Before discussing methods, let us look at where scientists and engineers 
work. Private industry employs S2 percent of the engineergA43 percent of the 
natural scientists, and even zi percent of the Ph.D/s in thesS fields. Educational 
institutions empfoy most Ph.D.'s and a substantial portion of the scientists (Table 
2.1). It is also apparent from the table that we have to assess the requirements 
both for those engaged in research and development and for those engaged in 
other work. 

Two general methods have been used to project requirements: one is to ask 
employers what their future requirements will be; theotheris to analyze the fac- 
tors affecting demand and then estimate how these factors will operate in the 
future. We may call these the "questionnaire" method and the "analytical" 
method. 

The questionnaire method has been used in the United States.and in other 
countries, both for short-term projections (a few months ahead) and for long- 
term projections, but its use is diminishing as experience has often shown poor 
results (22, p. 146; 20, p. 19 and 240-260). 
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Tabit 2*1 

Distribution of Engineers and Sctentistt, by Type of Employer, and 
Percent Engaged in Research and Deveiopment,* 1970 



Science and 

All All Engme6rir>g 

Englrteers Natural Scientists . Ooctoratcs 
Percent Percent Percer^t Percent Percent Percent 
of Total of These ofTotat of These of Total of These 



Em- Engaged Em* Engaged Em- Engaged 

Type of Employer ployed in R&O ployed in RiO ployed In RiO 

Total 100.0 t00.0 t00.0 

Private industry : St.S 32.4 42.9 47^ 22.7 7t.2 

Government 13.9 30.6 17.4 335 tO.7 55.5 

Colleges and universities 3.8 43.4 37.6 31.5 60.4 23.7 

Nonprofit inftituttons 5 - 91.4 2.2 80.2 6.2 48.6 



Scof^r Eng'jie^f^ «nd natural «cientt3t»t Emphypwtt of 
StmjttAts tad Eftgtfi^en, 9950^7970. Bureau <tf Labor 
Statistics GulJ9linNt>. I7ai. 1973. p. 33, 39. 43 «nd 49. 

Science «nd ^^neenng doctonies; fia»<] oo Dpct^^t 
Sci^nttstt ana £ igmgpf j in ttt9 t^ri»d sttte^^ ProStt9. 



Manorial Ai^tfefny of ScteAces. March i974aAdur^ublts}ied 
<tata. Oata repf^Mot i973 status ^ an t)iose r^cciv^rig do> 
t<y*»t«s thfcoflft mid-1972. 

^Major activity reported tvy rMPondents: addittOAal Per. 
sont, panictiiarl^ m cotl^Ses aAO unnaisilies, are also 
Engaged n fl&D. 



If a ftrm has given careful thought to its long-term economic prospects and 
investment plans, it should be able to make good judgments of its own manpower 
needs (36). Unfortunately^ few firms do this^ and when approached for an es- 
timate give answers based on hunches^ and unstated— and possibly 
inconsistent— assumptions about general economic growth. There are better 
ways of tapping the insights into technological change, policy decisions^ and in- 
stitutional factors affecting utilizationof occupations that undoubtedly exists in 
industrial management; these will^be referred to again. 

Applying analytical methods to projecting the requirements for scientists 
and engineers involves looking at each type of employer separately. Occasionally 
attempts have been made to project requirements for an occupation on the basis 
of an overall relationship with major explanatory variables^ but this is subject to 
substantial error; the major employing sectors of the economy are growing at 
widely different rates^ some are declining, and their utilization of various oc- 
cupations is changing in different ways. Moreover, a sector-by-sector analysis 
makes it possible to take explicitly into account such new developments as a 
massive energy research program and to spellthemoutintermrofthespecificin- 
dustnes or occupations affe<:ted. Finally^ highly generalized relationships do not 
lend themselves to concrete tests of plausibility: employment of chemists by the 
paper industry can be usefully examined^ trends can be reasonably analyzed, and^ 
(most important) errors later identified and corrected, while a projection in one 
swoop of the empbyment of 130|000 chemists in the United States is a pig in a 
poke^ analytically and metaphorically speaking. 

The future utilization of scientists and engineers in each sector depends on 
both the future levels of economic activity in each and the way in which the sector 
is changing its patterns of utilizationof occupations^ including R&Dprograms. It 
becomes quickly apparent that the growth of each sector depends on the general 
growth of its potential markets* and therefore the growth and changing composi- 
tion of the population* national income and products and the distribution of the 
product among consumption, inves^ment,^ and government expenditures. 
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The Federal government is engaged in a continuing Interagency research 
project on economic growth, out of which the Bureau of Labor Statistics has 
published a series of projections of the growth of the economy, of each industrial 
sector, and of the growth in requirements in each of several hundred occupations, 
(8. This publication lists earlier reports.) The most recent report was issued 
several months ago, with projections to 1980 and 1985 (l3). 

The attempt is to project the long-term trends in industrial and occupational 
growth, rather than to pinpoint demand or employment in any one year, which 
might be affected1?y temporary aberrations such as a recession, a war, or a fuel 
shortage. The pro^ctlons explicitly assume a bw level of unemployment (4 per- 
cent), and Armed Forces of two million, slightly below the present level, and 
defense expenditures declining as a proportion of the gross national product. The 
use of a "full-employment" assumption tends to overstate employment oppor- 
tunities somewhat; projections have been made on alternative assumptions, and 
the sensitivity of specific occupations to business cycles is usually pointed out in 
the occupational outlook reports. 

The method involves several major steps: 

1. The potential gross national product is projected at close-to-capacity 
levels (assuming that 96 percent of the projected civilian labor force will 
be employed, that output per man-hour will grow at its long-term rate, 
and that average hours of work will decline somewhat.) In the latest pro- 
jections, GNPis projected to grow at the rate of 4.6 percent a year from 
1972 to 1980, and 3.2 percent a year from 1980 to 1985, the slow-down 
resulting from a declining rate of growth of the labor force. Employment 
woutd increase by 2.2 percent a year up to 1980, and 1.2 percent from 
1980 to 1985. 

2. The projected GNP is distributed among personal consumption, invest- 
ment, and government purchases of goods and services by ar macro- 
economic model, and the amounts of each kind of goods and services that 
woutd be finally consumed is estimated on the basis of patterns of con- 
sumer and government expenditure and cap'ital investment. 

3. The production level in each industry — including those providing raw 
materials, transportation, components, and services — required to 
produce these final products is estimated by input-output relationships 
among industries, the method initially developed by Wassily Leontief 
(whose Nobel prize was largely in recognition of this accomplishment). 
The input*output coefficients from a base year are adjusted to reflect 
subsequent and expected future technological changes — for example, 
the use of a different mix of raw materials in the manufacture of a 
product. Results of this method are checkedagainst estimates of produc- 
tion in each industry developed by regression analysis of the 
relationships between output in the industry and the ma}or factors that 
have been found to affect it, such as GNP, gross private domestic ir vest- 
ment, consumer expenditures, net family formation, or defense expend- 
itures. For major industries a more thorough analysis is made of 
markets, technological changes, and the foreign trade balance if rele- 
vant. 

4. Projected industry production is converted into industry employment 
requirements by projecting productivity change and hours of work. 
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5. Projected requirements for workers in each occupation in the industry 
are estimated on the basis of the occupational composition of the tn*^ 
dustry^ adjusted to reflect expected changes in technology and patterns 
of work organization. The numbers of scientists and engineers engaged 
in research and development in each industry are checked independently 
against projections of R&D expenditures in relation to the level of 
business activity* allowing for rising average costs. The projections for 
the major industries are discussed with management to get insight into 
market, technological and other factors that have impinged oivpast 
trends and may affect the future, as' technobgical innovations are in- 
troduced. This is a quite different and more productive way of drawing 
on the knowledge and judgment of industry than sending them a 
questionnaire asking for their projections of tnanpower requirements. 

^ ' 6. For two major sectors of the economy employing scientists and 
engineers, higher education and government, the projections use 
different methods. Office of Education projections of graduations by 
field are used to project the employment of faculty members teaching in 
each field, assuming a constant itrlationship of teaching load tostudents 
majoring in the field ^ dubious assumption in the case of tool subjects 
like mathematics). R&Dscientiscs in higher education are projected on 
the basis of a projection of total R&D performance by higher education 
institutions, which is itself derived from a projection of total R&D as a 
constant proportion of GNP, prorated among performing insti tutions in 
line with past patterns. 

The programs composing Federal, State and local government 
employment— schools, health* highways, defense, police, etc— are pro- 
jected separately, since their use of occupations is quite different. Projec* 
tions here are essentially guesses as to what legislatures will ap- 
propriate, and are not based on market behavior, as are the projections 
of activity and manpower in industry. 

7. The requirements for each occupation in all industries are then sum-* 
marized. To the net growth in requirements in each occupation is added 
an estimate of the replacement needs resulting from deaths and 
retirements. This is estimated from the age composition of the members 
of the occupation, using death and retirement rates for men and women 
at each age developed from tables of working life. 

The projections for scientists and engineers derived in the most recent study 
are shown in Tables 2.2 and 2.3. 

C)mparing the manpower requirements projected for these and other oc* 
cupations requiring higher education with projections of colltge graduates made 
by the Office of Education, the BLS concludes that if these trends were to con- 
tinue there would be an excess of graduates^ even after allowance for recent 
patterns of absorption of graduates into jobs once performed by less educated 
workers. The excess would be greater in 1980*85 than in 1972-80^ because of the 
expected sIow*down in the economy's growth. Many additional graduates would 
have to take lower-level jobs. If past trends in the coursesstudents select were to 
continue, shortages of graduates would occur in medicine^ chemistry^ and 
engineering, and oversuppty in teaching and the biological sciences (13). 
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Employment of Scttntltts and Englnttr% 1972 and 
Proltcttd Ftequlrmitnt** 1985 





{in thousands) 




Estimated 


Proiectod 




Employment 


Requfrements 
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Ides 












1,50d 
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43 
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Tibte2.3 

Job bp«nlngiforSct6ntliti and EnglntortRttultlng from ProJtct»d Incrtatei 
in Requlmtwnli and Deaths and R«tlrwi«nli« 1972-1995 



(fn thousands) 





Increases in 
Requirements 


Deaths and 
Retirements 


Total 
Openings 


Average 
Annual 
Openings 




611 


401 


1.012 


76 




443 


246 


689 


53 




166 


155 


323 


25 




31 


24 


55 


4 




64 


64 


149 


11 




51 


3a 


66 


7 




12 


6 


20 


2 


Geologists and geopnyslcista . 


12 


6 


20 


2 




53 


66 


120 


9 



* Includes othCf^phy^lCttl scicaVits, lor %4uHn no s«pAr«fte prol«Ctioo5 rn«d«. 



^oblem areas in methodology 

Following the above brief summary of the methods followed^ some com- 
ments on the problem areas are in order. 

As a general comments one must recognize the difficulty of anticipating some 
factors making for economic change. In addition to those^ like wars and 
depressions^ which have to be assumed away like Gnderella's coadi^ the most 
pervasive is technological innovation. It is not easy to predict scientific break- 
throughs or their effecton technology^ markets^and the kinds of occupations and 
industries affected. Although the BLShas a staff constantly studying the subject 
andf watching innovations as they are introduced into industry (some years back a 
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member of the staff went all over the country looking for the first computer- 
controlled machine tool), this is to some extent a guessing game. Only the fact 
that after an innovation has actually been introduced into production it usually, 
takes some years before it is widespread makes projections for five to ten years 
not too hazardous (34). 

Similarly, events like the petroleum exporting countries getting together 
and suddenly facing the whole world with a very substantial increase in theprice 
of energy cannot easily b^ anticipated. This requires a re-evalu^tton of the latest 
projections as soon as the new situation takes shape. The outlook for scientists 
and engineers ir^ay be markedly affected by large research and development 
programs on alternative energy sources or on fuel-saving throughout the 
economy. 

Going back over the steps in the method outlined above, it is apparent that 
some are likely to result in larger errors in a projection than others. 

Projections of the labor force for up to 15 years ahead^ the foundation of the 
general economic growth rate and GNP projectiQn/ have usually been accurate 
within one or two percent, since they are based on population already born, and 
therefore are only minimally affected by difficult-to-predict birth rates (which do 
affect the labor force participation of women). The assumption of 4 percent un- 
employment may be overly optimistjc; the average since World War ll^a period 
that includes two wars and five recessions— has been 4.7 percent. But this in- 
troduces an error of about one percent in the estimate of total employment, and 
somewhat more in industries and occupations more sensitive to business cycles— 
manufacturing, construction^ transportation and public utilities and trade; a one 
percent difference in total employment was estimated to result in a 3.5 percent 
difference in manufacturing (4,p. 1-132). These errors a re well within the band of 
error we expect in long-term projections for decision-making. Somewhat larger, 
errors in the projection of demand for scientists and engineers can b^ introduced 
in the projections of industry employment and of the occupational composition of 
industries. 

Industry employment or activity growth rates can be crucial because scien- 
tists and engineers are heavily concentrated in certain sectors. Two-thirds of 
them are in the metal products, chemicals and construction industries^ engineer- 
ing consulting and business services^ and colleges and universities. Projections of 
industrial activity aijp heavily affected by how final demand is estimated, and the 
translation of activity levels into employment by a projection of productivity 
(which reflects technological change). 

Errors in projecting the occupational mix of industries can also be critical. 
Here our sources of data for thepastare poorest^ and the analysis most tentative. 
Moreover the occupational mix is more likely to have been affected by supply- 
demand balances in individual occupations than is total employment in an in- 
dustry. The main sources of data are the decennial censuses and special industry 
surveys. Past changes In ratios are examined and an attempt is made to relate 
them to the technological and organizational changes that have occurred^ in- 
cluding collective bargainingagreements, and to determine the effects on them of 
labor market factors. The ratios are p/ojected into the future by judgment, 
attempting to take into account technological changes but to discount the effects 
of.5upply-demand factors in the past. (6, 2) 

For scientists and engineers there are special difficulties in this typeof pro^ 
jection. Utilization of these occupations in industry is only partly associated with 
the current level of production. For those engaged in testing, supervision, design 

25 



ERIC 



32 



and similar functions the relationship to output is not linear. For those engaged in 
R&D— one-third of the total in industry— employment js related to decisions on 
R&D expenditures/ which are more independent cf current production, more dis* 
cretionary, more like capital investment. Moreover, while change in the employ- 
ment patterns of production workers /otWf introduction of new technology, and 
therefore can be more readily anticipated for some years ahead when the 
technology is being introduced/ the employment of R&Dscientists and engineers 
may (rai^the new technolc^y. 

One method that may be promising in projecting the occupational mix is to 
examine that of the technologically most advanced plants in an industry, on the 
hypothesis that the industry's total mi^^in the future may come to resemble that 
of the advanced plants (4, p. 1-367). This is not possible from population census 
data^ which shows only the total occupational mix of each industry. A new collec- 
tion of data on employment by occupation which BLS began m cooperation with 
. State agencies/ going toindustries rather than to households, will make plant-by- 
plant analysis possible (30). 

One way of getting additional insight into the special factors affecting re- 
quirements for scientists and engineers is to compare their employment with 
research and development expenditures, and use projected growth in the latter as 
a factor in the projections. For example, the projections for scientific and 
engineering nanpower requirements in a I960-I970 study were reviewed in the 
light of projections of research and development expenditures, which were ex* 
pected to rise by 123 percent from i960 to 1970, or to 3.7 percent of the gross 
national product. (This projection was consistent with others being made at that 
time by the Department of HEW/ Arthur D. Little Company, and BusinessWeek 
magazine. The atmosphere was heady in thosehalcyondays!) Allowing for rising 
costs per research scientist and engineer/ their numbers were projected to double 
from I960 to 1970. This appeared consistent with the projection of total re- 
quirements for scientists and engineers in the study (3, pp. 10-14). (Actually, 
R&Dexpendituresamounted to only about 2.7 percent of GNPin 1970/ and R&D 
scientists' and engineers' employment increased by only 36.7 percent from 1^60 
« to 1970 (12, p. 1, 3). The difference between projected and Actual R&Dscientists' 
and engineers' employment in 1970 was 237/000 after adjustment is made for 
revision of the base period employment estimate.) 

While an attempt is made to discount market effects on theoccupational mix 
at this stage in the projections/ this information is needed later in examining the 
possibilities of adjustment to imbalances. Research is needed on these effects and 
the Way in which employers react to changes in relative wage rates. It is a plausi- 
ble hypothesis that effects differ among occupations and industries: tKat/ for ex- 
ample, utilizationof pilots by airlines is less affected by relative wages than that of 
reservation derks/ on 'to take an example closer to home/ a construction firm 
employing one or two engineers is less likely to react to thetr relative wage rates 
than is a large electrical manufacturing firm that employshundreds of them. The 
degree to which less qualified persons can be used is also likely to be a factor. 

The tables of working life that are used in estimating deaths and retirements 
in occupations are developed for all males and females. While differences in mor- 
tality rates by occupation have probably narrowed in recent years as health and 
nutrition standards improved, there are probably still some differences/ and the 
same mayb^trueof retirement rates. Research in this area could be fruitful, since 
a very large part of the annual requirements for new workers in mostoccupat ions 
is associated with this component of the estimate (Table 2.3). 
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In decision-making on the basts of projections it w^ld bcusefuUoknowthe 
effect on the outcome of the uncertainties entering at the various stages. This 
would be clarified if altemat've projections were matTe iilHowing the effect on the 
outcome of a range of estimates reflecting reasonable possible limits above and 
below the estimate used for such critical fafctorsas unemployment, pro<iuctivity 
growth, production or employment in each industry, occupational ratios, or 
death and retirement rates. This would show the sensitivity of the projections to 
errors, and aid the user in interpreting their implications for his decisions. It 
would also guide the pro<iucer of the estimates in allocation of investment in 
research or data collection to get the greatest payoff in reducing the uncertainty 
of the estimates. The Bureau of Labor Statistics has made a few such alternative 
estimates; it is costly, and becomes unwieldy because the numbers proliferate 
with combinations of alternatives, but it is worth doing. 

Evaluation of the accuracy of projections 

Accuracy has tobejudgedinthelightofthecontributionp^jectionsmake to 
the decisions. One criterion has been stated as followsr^A forecast which reduces 
the uncertainty of a future outcome to a level that dictates a unique decision is 
clearly useful for policy purposes. On theother handrif the range of uncertainty 
in the forecast is so large that contradictory policy decisions are compatible with 
iti^ then the forecast may be of little use for planning purposes." (20, p. 24) This 
criterionimpliestheavailabilityof a measure of the forecast's uncertainty, wh'ch, 
as we just noted, is lacking for the projections that BL5 has published. While we 
may be able to shed some light on this by hindsights this valuable commo<iity was 
not available at the time the projections were published. 

In evaluating the accuracy of projections of the type-vve have described Jt is 
not relevant to make a simple comparison of the ''requirements" projected for a 
target year with the actual employment in the occupation when th^t year rolls 
around. It was expected at the outset thatthey would not necessarily coincide, for 
two reasons: 

1. The "normative" assumptions of a full-employment and peacetime 
economy may not have been borne out by events. 

Z. If a demand-supply imbalance had been projected we would expect the ^ 
actual employment to be different from the requirements— most likely 
lower if a shortage had been projected, higher if a surplus— unless all of 
the adjustment was made in the supply. 
While we cannot judge the projections solely on this criterion^ it is useful to 
take it apart and see what elements in the projections differed from the actual 
event. Some of the elements, such ^s the industry activity or employment re^ 
quirements projections, should be less subject to the effect of demand-supply im* 
balances in occupations, and therefore capable of being judged against actual 
employment changes. 

Only a few projections for scientists and engineers had been made long 
enough ago so that the target year has arrived. One was published in 1961. with 
1959 as a base year and projections to 1970; this was a methodologicalstudy (2). A 
second was published in X963Jused 1960 as a base year, and also projected to 1970 
(3). Employment projections for industries were made to 1970 as well as 1975 in a 
third study, this one focusing on technicians who work with scientists and 
engineers (S),and we can thus evaluate the industry employment projections and 
an interpolated value for scientist and engineer requirements in 1970 against 
1970 experience. All these studies were conducted with the support of the 
National Science Foundation. 
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The methods for industry projections used in the earlier studies were rather 
crude as compared to those used in the more recent studies: While careful studies 
of markets, technology, and net foreign trade balance were made for a limited 
number of important industries, the majority were projected by their 
relationstjip^ototal employment, which was takenasa proxy for thegenerallevd 
of economic activity. Employment for each industry was correlated with tota|l 
employment, so that what was achieved was a distribution of the previously es^ 
timated total among the various industries jn line with their average past 
relationship. ! 

The industry projections in the study of technicians were done by a more 
sophisticated method, described in a study prepared for the National Commission 
on Technology, Automation and Economic Progress, which used essentially the 
same projections (5, p. 45; 4, p. 1 12-15). In addition to intensive studies of some.of 
the major industries, a general framework analysis of national economic growth 
similar to the first six steps of the seven*^step method described above was us^, 
but since input-output coefficients were not available to distribute final produc- 
tion among industries, a multiple regression method was used, relating prodtjc- 
tionor employment in each industry to major economic variables. Occupatiof|al 
projections were made separately for engineers and a number of other in^portant 
occupations and reviewed against projections made using the occupational mixjof 
each industry. The approach was eclectta alternative methods were used at each 
stage, and estimates that appeared most reasonable were selected. ^ 

The projections are shown m the Appendix Tables and in ttie chart (figure 
2.3). Since the base year data on employment has been subsequently revised 
(ttsually by small amounts), all comparisons of projections with actual changes 
shown by the best presently available statistics are expressed in terms of percent 
changes. The projections shown in the charts in the appendix are adjusted for 
differences in level in the base year. 

The evaluationin detail is described in the appendix to this paper^andmaybe 
summarized as follows. 

1. A modest expectation that one may have of a statement about future 
growth in occupations is whether it correctly identifies fast*growing or 
slow-growing Hekis. The two projections of scientific occupations for 
1970 made a decade earlier correctlyidentified the scientific fields grow- 
ing faster or slower than theaveragem six out of seven instances in one 
case, and in all instances in the second case. 

2. The projections^ however^ overstated the growth in requirements for 
engineers substantially. The overstatement was larger in the 1959-1970 
projection. A 90 percent expansion in requirements was projected^ when 
an accurate figure might have been closer to half that amount. The in- 
crease in the second projection was projected at 67 percent; an accurate 
figure might have been between 50 and 60 percent of that amount. 

Projections of requirements for scientists were much more realistic 
in both cases; one showed just about the right increase, the other pro- 
jected an increase that was about 14 percent too high. 

A major cause of the overprojection was the prevailing view in the 
early 1960's that total research and development expenditures wouki 
grow much more than they actually did. In this sense the projections 
were not so far off^ given this assumption that underlay them and was 
specifically stated in one of them. 
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Figure 2.3 

Employment of Engineers and Natural Scientists 
jl950-1970K and Various Projections of Requirements 
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In the projection from 1963 to 1975, implicit projections inter- 
polated for 1970showeda39percent increase in requirements for scien- 
tists and engineers, while actual employment rose by 25 percent. It is 
likely thai this difference^ toOr represented au overstatement of re- 
quirements, since there was an adequate supply of engineers and scien- 
tists in 1970. 

There was a distinct improvement in accuracy in the requirements 
projections for the individual scientific fields from the earliest to the 
most recent; after allowing forthe varying periods of the projections (11 
years^ 10 years, and 7years^ respectively)^ the reduction in error seems 
to be of the order of 25 percent. The average error in projecting for a 
scientific field was down to Z percentage points per ye<tr. This means 
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that in a five-year projection the rate of growth projected would be 10 
percentage points off, on the average. The most recent projections, us- 
ing better methods/may improve on this. 

3. The industry employment projections^ which have so significant an 
effect on requirements for the major concentrations of scientists and 
engineers, have a somewhat greater degree of accuracy. A review of the 
three projections shows distinct improvement from the earliest to the 
latest; the average error in projecting the.rate of growth for individual 
industries dropped from 19 to 6 percentage points, or# after correcting 
for the varying periodsi the reduction in error was of theorder of 40 per- 
cent. Techniques are improving in this area. The average error inprojec- 
ting employment change in an industry was down to one percentage 
point a year. 

4. On the other hand, the projection of the occupational composition of in- 
dustries is too little understood and subject to somewhat greater errors 
in projection. The projected rates of increase in the ratios of scientific 
and engineering employment to total employment in each industry 
showed average deviations of 22 and 26 percentage points from the ac- 
tual rates of increase that occurredi equivalent to an error of 2 to 2-6 
percentage points per year in these earlier projections. (It was not possi- 
ble to make this calculation for the 1963-1970 projection^ as has been 
done above for the projections of requirements for scientists and 
engineers and the projections of industry employment.) 

In summary, these early projections tended to overproject requirements for 
engineers and were better for scientists; the overprojection reflected an over- 
estimate of the prospective growth of R&D activity that was commoo at that 
time; the later projections, embodying improved techniaues, are more accurate; 
industry employment projections are more reliable than projectbnsof the ratios 
of scientists and engineers employed; and the farther away the target, the harder 
it is to hit it. 



Recommendations for improvement of projections 

From this review of projections, it is apparent that progress has been made in 
improving methods and gaining accuracy. Much of it comes from continuing 
research and data collection on employment. R&D activity, the behavior of labor 
markets, the flowof students through the educational system, and other areas. I 
will emphasize several suggestions for data collection and research to bolster the 
weakest elements in projection method. 

1. Better understanding of the factors affecting the utilization of the 
various occupations employed in each industry would require, first, 
collection of data from employing establishments on their employment 
by occupation <a program that has gotten off to a start, but needs to be 
extended), and then analysis of the differentials in occupational com* 
position among plants in each industry. How are they affected by 
technological change, by R&D activity of the company, by changes in 
relative occupational wage rates? Does the industry's average oc- 
cupational composition ultimately folfow that of the most advanced 
plants? ^ rr 
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2. Tables of working life should be developed showing differential mortali*^ 
ty and retirement patterns for individual occupations or groups of oc* 
cupations. The wider prevalence of pension plans and company^- 
sponsored life insurance coverage forms the institutional foundation for 
the records that would be needed. Such tables areof value for many pur-^ 
poses besides manpower projections^ including calculation of Kfetime 
earnings andofincome lost by disabling accidents. The importance ofan 
accurate estimate of deaths and retirements is clear from the prqjections 
that show that after 1980 they will account for most of the openings in 
the scientific fields. 

Several recommendations come out of this review for the kinds of projec- 
tions that are made: 

1. Medium-term projections of three to five years should be made as well 
as those ten or more years ahead. They suffice for many purposes; they 
are likely to contain smaller errors; often they reveal significant infor- 
mation about the character of the intervening period; and they can be 
checkeil against unfolding events and this knowledge can aid in review- 
ing the longer-term projections. I fail to see the magic of years ending in 
5 and 0. Users of projections may well wonder whether the people who 
make them^ and who know them best^ are afraid to touch them with 
anything shorter than a ten-year pole. 

r 

2. Projections should be systematically made on alternative assumptions^ 
so that their sensitivity to various contingencies can be examined and 
better measures of their possible errors provided to the user in advance. 
Sensitivity analysis also tells the maker of projections where he gets the 
most payoff in accuracy for additional investment in research. The cost 
of alternative projections might be offset by this saving alone. 

3. While Ibelieve that theprocedureof separatelyprojectingrequirements 
£nd supply is most useful forpresenting the issues for decision, more in- 
formation is needed by decisionmakers on the ways^ and combinations 
of adjustments^ by which equilibrium is reached. The research 
suggested above on response of occupational utilization in industry to 
wage changes contributes to this. Other aspects of the adjustment 
process need study^ and hopefully models of the whole adjustment 
process may be developed, I think a sector-by-sector approach may be 
needed because each industry's demand schedule for each occupation 
may be unique. 

4. It is obvious, but 111 say it anyway* that a continuing research effort is 
needed^ constantly improving data and methods frequently revising 
projections. This is not a subject that can be tackled ad hoc and then 
dropped^^ ^Jor can one group of occupations be analyzed or understood 
out of the context of all related occupations^the technicians as well as 
the scientists, the management and sales people as well as the engineers^ 
the other professions that offer alternative employment opportunities 
and attractions to young people interested in a scientiPic Pietd. Has 
science lost students to medidne or law in the last few years? Those 
broadly interested in science havers deepandabidinginterest in the total 
picture. 
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Appendix 



Evaluation of Projections Made in 
1959t 1960 and 1964 

In this evaluation of the projections we will make some comparisons of the 
projected changes in requirements with the actual changes in em^oyment, even 
though the comparison is not technically valid/ as pointed out in the text of this 
paper The comparison may shed some tight on the i!ature and causesof errors in 
the projections/ and the areas kn. which method can Be Improved. 

The analysis wilt deal with some of the earliest projections, one made with 
1959 as aoase yearandl970asatargetyear(2)f andone made with 1960a5abase 
and l$;Oas the target (3). In addition a projection based on 1964 and projecting 
industry employment to 1970 and 1975/ and requirements for scientists, 
engineers and technicians to 1975 will be compared with act;jal changes from 
1964 to 1970 {5). In thesecomparisons rates of change for projected requirements 
and actual employment wilt be compared/ since the base figures have been cor* 
rected somewhat in later revisions of the statistics, and comparisons would be 
confused if the numbers were used.. 

Relative growth rates of scientific occupations 

One simple question that might be as kedof a projection is whether it correct- 
ly identifies fast^growing and slow-growing fields. To what extent did the two 
projections of requirements for scientists properly identify those growing faster 
or more slowly than the average for all scientists? 

This may be examined in Tables 2. A2 and 2. A3. In the first table/ physicists, 
mathemaUcians and medical scientists were identified as growing faster than the 
average for^H sdences, and chemists/ geological scientists/ agricultural scientists ^ 
and iTfotogical scientists as growing more slowly than the average. When the ac- 
tual growth in employment from 1959 to 1970 is examined, this turned out tobe 
right in all cases. The same comparison made for the 1960-70 projection shows 
that the identiBcation of faster and slower growing occupations was made coi^ 
rectly in six out of the seven cases CTable 2.A3). 

^ojected increase in requirements compared to 
employment growth/ by occupation 

1959-1970 iiudy 

In the 1959-1970 projections (Table 2.A2)/ the projected increase in re- 
quirements for all scientists and engineers was two^thirds greater than theactual 
employment increase. Requirements for engineers were projected to rise by 90 
percent; employment actually increased by less than half that amount. Employ* 
ment of scientists rose almost as much as projected requirements/ Imt among the 
scientific fields there were substantial differences. Tlie actual employment in- 
crease for chemists was only 55 percent as much as the requirements increase 
projected, while employment of medical scientists rose twice as fast as protected 
requirements. On the average (using the median) the projected ch^^nges differed 
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from the actual employment changes by 29 percentage points (ignoring signs), 
andinonly threeof the eight cases was the projection within 10 percentage points 
of the actual employment change, A weakness in ihis projection was the inade- 
quacy of data by which to distribute scientists by occupation among industries: 
the data available was for 1959, and there was little information for earltcr years 
by which to examine trends* ' 

1960-1970 siudy 

The projection based on 1960 data used new Industry empbyment prosec- 
utions; a sped'-l study was done of the aif^craft, missiles and spacecraft industry 
(which was affected by the burgeoning Space program) including projecttons of 
NASAond Defense expenditures and civilian aircraft purchases. A special projec' 
tionof R&Demployment was made, A new projection was made for cdlegesand 
universities, using Census pro}ectbns of enrollments instead of thoseby tl:« Of- 
fice of Education, Also, a more thorough projection of supply was undertaken. 

The results of this study (Table 2*A3) were somewhat closer to actual 
employment changes for engineers and scientists as a whole— projected re- 
quirements rose by 6Q percent and employment actually increasedby 44 percent, 
or nearly two*thirds as much. Ei^gjneers were again projected high, but the 
difference was less: the actual growth in employment was more than half as 
great. The overall growth rate for scientists was within 14 percent of that pro- 
jected, but again there were disparities in the comparison for individual scientific 
fields. Employment of chemists again increased less than projected rquirements. 
The median deviations in growth rates, ignoring signs, was 29percentage points, 
no better than the earlier projection; in two out of the eight cases the deviation 
was below 10-percentage points. 

A principal reason for the high projections uf requirements in both the 1959- 
70 and the 1960-70 projections was the general expectation at thattimeofa much 
larger growth in research and development expenditures than in fact occurred. 
This expectation reflected the tenor of the times in the early 1960's when the 
national space effort was being launched at the same time that health research 
was accelerating. This assumption wasimpllcitinthe 1959-70 projections, and, as 
notedabove, it was explicitly built into the 1960-70 projecttons; requirements for 
scientists and engineers for-R&D were projected to double by 1970 (3# pp- 10*14) 
which would have brought requirements to 772,000 based on the 1960 R&D 
employment of 386,100 (l2,p. 3); actual employment on R&Drose by only 38.7 
percent to 535,400. This difference of 237,000 amounts to 88 percent of th^ 
difference between projected total scientific and engineering requirements in 
1970 and actual employment. (Applying the 68.9 percent increase projected 
(Table 2.A3} to a revised employment estimate for 1960 of 1,104,000 (12, p. 3) 
gives a projection of 1^8^4,700; actual employment in 1970 was 1^594,700, or 
270,000 less.) 

A third comparison between projectedrequirements and actual employment 
growth may be made frDm a projection made in connnection with the study of re- 
(^uirements for technicians. The base year employment data for scientists and 
engineers was for 19^3, and requirements of^cientists and engineers were pro- 
jected to 1975 (5). Since the projectiuns purport to describe long-term trends, it 
would not do inordinate violence to their concept to take seven- twelfths of the 
projected percentage change in requirements from 1963 to 1975 to r^resent the 
growth to be expected by 1970. This ts compared with actual employment 
changes for each occupation over this period in Table 2.A4. 
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As noted in the text of this report/ the methods used for the projections in the 
study of technicians were more sophisticated than the earlier ones. The results 
were closer to factual employment changes. As can be seen in the table/ theprojec- 
tions for all scientists and engineers was an increase of 38.9 percent; employment 
actually rose by 24.5 percent^ or nearly two-thirds as much. Projections of re^ 
quirements for engineers and chemists were still higher than actual employment 
gains. The median deviation between projected and actual changes was 14 
percentage points^ only half that in the two previous projection studies. 

Some of this improvement in accuracy (within the limits of this comparison 
of requirements to employment) may be attributed to the fact that the last projec- 
tion was only seven years into the future/ while the others looked ahead eleven 
and ten years respectively. To- adjust for this factor the median deviations maybe 
divided by the number of years^ with the following results: 



Median 

Deviation Average 

Number (Percent «tge E)eviatbn 

Projection of Years Pt?in,s) per Year 

1957-70 11 29.3" ■ 2.7 

1960-70 10 2S.9 2.9 

1963-70 ^ 14.2 2.0 



There was^ by this way of looking at it^ a 25 percent reduction in "error" in the 
most recent projection^ which may be attributed to improvements in method or 
justplain luck. 

" -* 

Analysts of differences between projected requirements growth and 
employment gains by reference to supply and wages 

To what extent was limitation of supply a factor in the difference between 
projected requirements and actual employment change? If we had a clear answer 
to this question we could sort out theextentof error in the requirements projec- 
tions. Our data on supply changes are less thanadequate for a complete appraieat 
since we have no data on the total supply in the base year other than what is 
shown by actual em pbyment in the occupation (there may have been others un- 
employed or in other occupations), and the only information we have on supply 
changes in the forecast period is the actual graduations in the field- If there were 
errors in the estimates of deathsand retirements or net occupational mobility, we 
cannot measure them. 



Engineers 

Table 2.A5 shows the comparison of projections and actual developments for 
engineers^ 1959^1970. Requirements had been projected to increase by 688,000^ 
and supply by 473,000, implying a "shortage" of 215,000. Employment actually 
rose by 330,000, less than half the projected rise in requirements. Despite the 
concern about a shortage^ 106^000 fewer graduates entered the profession than 
had been projected on the basis of past trends in the proportionof students taking 
engineering. When the projected supply increase is adjusted for the smaller 
number of graduates it is 37,000 more than the actual employment increase. 
(Some of this could be accounted for by an increase in unemployment of 
engineers.) 
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Since relative earnings of engineers were little changed over this period 
(Tables 2»A12, 2.A13) and no more workers were drawn into engineering from 
other occupations (net of engineers leaving for other occupations) it appears that ' 
the requirements projections were unrealistically high. 

The same comparison is made for the 1960-1970 projection for engineers in 
Table 2.A6. The projected increase in requirements was 539,000, lower than in 
the earlier projection. The projections of supply changes were made more 
carefully, and allowance was made for engineers shifting to other occupations. 
The number of graduates was projected more conservatively than before, using a 
new projection by the Office of Education. A "shortage" of 253,000 was pro- 
jected. Employment actually increased by 297,000, or somewhat more than half 
the projected increase in requirements. The actual number of graduates was 
slightly more than projected,and whentheprojected supply is adjusted forthis,it 
is about equal to the actual employment. 

Again, in view of the stable relative earnings of engineers over this period, 
the fatt that no more workers were drawn into the profession than would have 
been expected on the basis of the previous trends in supply suggests that the re- 
quirements projections were unrealistically high. 

Scientists 

The projections for scientists, 1959-70/ are shown in Table 2.A7. The pro- 
jected increase in requirements of 217,000 was seen to be in rough balance with 
the projected increase in supply of 236>O0O. (The figures in the origETnal report 
were even closer; revisions in the base etr^loyment figure for 1959 result in a 
larger reduction in the requirements projection than in the supply projection.) 
The actual employment increase was 207,000, close to the requirements. There 
were> however, 31,000 more graduates planning to enter scientific occupations 
than had been projected, bringing total additional supply available to 60,000 
above the employment increase. Some were unemployed in 1970 and some 
graduates eventually found work elsewhere, but there is no evidence of a decline 
in earnings over this period; relative earnings of chemists held their own (Table 
2.A13). Thus the requirements projections appear realistic^ but the supply is dif- 
ficult to evaluate. Estimates of shifts into and out of scientific occupations are 
crude and based on little hard data. . 

A somewhat similar picture emerges in the comparisons for the 196O-70 pro- 
jection. A requirements increase of 244,000 was matched with a projected 
263,000 increase in supply, suggesting a rough balance. (Revisions in the base 
figures affect the requirements more than the supply, lowering the former by 
24,000.) The report pointed out that the largest Increase in requirements in the 
decade would be in it^first half, while the largest graduations would be toward 
the end of the decade. Employment actually increased by 14 percent less than pro- 
jected requirements. Graduations exceeded what had been projected, as in the 
1959-1970 projections. VVhen the projected change in supply is corrected by the 
40,000 additional graduations, it is raised to302>000,orabout 208/000 more than 
the 194,000 increase in employment. Since employment increased less than re- 
quirements despite the plentiful supply of scientists/ this implies that the re- 
quirements projections were somewhat higher than would have been realistic. 
The supply picture here, tooy is clouded. 

In summary, this comparative analysis suggests that requirements for 
engineers were substantially overstated, while those for scientists were closer to 
being accurate. The effects of unduly high expectations for research and uevelop- 
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ment expenditures distorted the projections, but the tfrror was allocated to the re- 
quirements for engineers but not those for scientists. 

To take apart the projections further in order to identify sources of error we 
will first examine the projections of activity in each Industry, for which employ- 
ment may be considered a proxy, and then look at the projection of ratios of scien- 
tific and engineering employment to the total. The industry projections are less 
likely than the occupational requirements or the occupational ratios projections 
to have b^en affected by supply-demand factors, since most jobs in industry can 
be filled readily by less-trained workers/ and therefore can more fairly be com- 
pared with actual employment changes: the differences reflect error in the pro- 
jections or in the assumptions underlying them rather than labor market factors. 

Projections of industrial activity and employment 

Table 2. A9 compares the changes in total manpower requirements projected 
for t959-t970 for industries using significant numbers of scientists and 
engineers'with the employment changes that actually took place. In IS out of the 
20'industries that can be compared^ the projected increases were greater than 
what actually occurred. The total projected for these industries was a 29 percent 
increase^ twice the increase that actually took place. The median deviation of pro- 
jected from actual for each industry was 19 percentage points/ or two-thirds of 
the overall profited employment growth of 30 percent; in six cases the deviation 
was less than 10 percentage -points. On the average/ then/ changes in employment 
requirements of these industries were projected within t9 percentage points, but 
there was a strong upward bias in the projections. 

A similar comparison is shown in Table 2.A10 for the 1960-1970 projections. 
The projections were closer to what actually occurred; for the 15 industries com- 
pared/ the projected increase was 19.4 percent; the actual was 20.8 percent. Eight 
of the 15 projections were toohigh and seven were too low. The median deviation 
was 8.5 percentage points/ and nine of the projections were within 10 percentage 
points of the actual change. Thus the projections were substantially improved. 

A later projection was made for the study of technicians/ using 1964 industry 
empbyment data as a base. As notedin the text of this report, the methods for in- 
dustry projections represented improvements over those used earlier. The com- 
parison is shown in Table 2.Al 1. Total employment rose by 21 percent; it had 
been projected to rise by 16 percent. In 25 of 29 industries the projection was 
within 10 percentage points of the actual change. The median deviation for the 29 
industries was 6 percentage points. Someof the difference reflected Vietnam war 
defense expen^^-'^tres, since defense-related industries were uniformly higher 
than projected. 

Summarizing the experience of these three successive projections, and 
allowing ^(^r the differences in the length of the projection, we get: 



Devi J t tort Aver<is<^ 
(PercenlAgc Number Devwhon 
Pomts) of Vc.irs per Vc.»r 

1050-70 1^4 II 1,70 

PdO-70 $5 10 .65 

I96.I-70 0 0 o J 00 
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That is, the error was reduced by over 40 percent from the first to the last. 

s 

projections of occupational ratios 

It has been noted in the text that the basic data by which the occupational 
composition of industries can be projected is among the weakest elements of the 
projection-method used. There a re insufficient observations on which to develop 
understanding of the factors affecting the relativeuse of occupations in industry. 
In making theprojections^anattempt was made to project changes in the ratios of 
scientists and engineers because it did not seem plausible that the ratios would re- 
main constant. 

Examination of the two tables (2.A14 for the 1959-1970 study and 2.Al5for 
the 1960-1970 study) showing the changeoin occupational ratios projected com- 
pared with the actual changes reveals no improvement in reliability. The median 
deviation between projected and actual in the first study was 22 percentage 
points/ and 14 of the 10 projections were too high. The median deviation in the se- 
cond study was 26 percentage points/ and 13 of the 15 projections were toohigh. 
Thesehigh projections of requirements/ which were later allocated almost entire- 
ly to engineers rather than scientists/ reflected the ambitious notions of prospec- 
tive growth of research and development at that time: they were requirements 
for an expansion of R&D that did not take place. 



Table 2,A1 

Estimated Employment of Scientists and Engineers, Selected Vears^ 

1950-1970* 





1950 


1959 


1960 


1963 


1970 




.... 666.7 


1.067.9 


1,140.0 


1^80.8 


1.694.7 


Engineers 


.... 408.0 


768.0 


801.1 


922.7 


1.098.2 


Scientists, total 


148.7 


289.9 


302.9 


358.1 


496.6 


.Physical scientisLs. totaL 


89.1 


166.2 


172jO 


194.1 


248.8 




61.9 


96.4 


99.7 


110.0 


132.9 


Physicists 


t4.0 


26.6 


29.6 


36.C 


49.1 




13.0 


20.9 


20.4 


22.5 


30.6 


Other 


10.2 


21-3 


22.1 


26.3 


36.2 


Mathematicjans 


13.8 


31.7 


34.2 


43.6 


74.3 




45.6 


92j0 


96.7 


120.3 


173.4 


Agricurturdf 


169 


29.5 


30.4 


38.5 


49.3 


Biologicai 


19.9 


42.6 


44.3 


51.3 


71.1 


Medicat 


8.8 


20.0 


21.5 


30.6 


53.0 
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Tabte 2*A2. 

Projected {ncreasas tn Requirtrnthtt fdrSci«ntisti and Enginwrit 
Com|>artd with Acturi Increases in Employment, 1959*1970 



Original Projections' 



1959 



1970 



Percent 
Change 



Actual 
Percent 
Ctiange In 
Employment 
1959-1970' 



Deviation 
of Pfoiected 
From Actual* 
In Percentage 
Points 



Scientists and engineers, total .. 


4 /hoc 4 




85.4 


50.7 


34.7 




78^8 


1,484.0 


89.6 


43.0 


46^ 


Scientists, total 


313.4 


548.2 


74.9 


71.3 


3^ 




95.0 


163.2 


71.8 


39.3 


32.5 


Ptiysicists 


28.2 


57.2 


103<2 


71.7 


31.5 




12.9 


23^ 


80.0 






GeoTogists and 














22.0 


31j0 


40.9 


46.4 


5.5 




28.8 


59.8 


.107.3 


134.4 


27.1 




29.8 


52.7 


76.7 


. 165.0 


88.3 




4a8 


69.7 


7a8 


67.1 


3.7 




37.2 


64.4 


73.1 


67-3 


5.8 


Ottier natural scientlsls 


18.7 


26.9 


43.6 
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Table 2JKZ 

Projected Increases in Requirements for Scientists and Engineers, 
Compared with Actual Increases in-Employmentr1960*1970 



Original Projections* 



1960 



1970 



Perceni 
change 



Actual 
Percent 
Change in 
Employment 
1960-1970' 



Deviation 
of Projecied 
From Actual 
In Percentage 
Points 



{000) 



Scientists and engineers, total 


1,157-3 


1.954.3 


68.9 


44.4 


24.5 




822j0 


1,374.7 


67.2 


37. t 


30.1 




335.3 


579.6 


72.9 


63.9 


9J0 




103.5 


169.5 


63.8 


33.3 


30.5 




29.9 


59^ 


98.3 


64.8 


33.5 


Metallurgists 


14.5 


24.4 


68.3 






Geologists and 












geophys [cists 


23.2 


29.1 


25.4 


50jO 


24.6 


Mathematicians 


31.4 


65.1 


100.3 


117^ 


to^ 


Medical scientists 


3t.4 


59.7 


90.1 


146.5 


56^1 


Agriculturar scientists 


39^ 


66.1 


67.3 


62.2 


5.1 




40.7 


76.6 


88.2 


60.5 


27.7 


Olher scientists 


21.0 


29.9 


42.4 
















28.9 
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T«Wt2*A4 

Proftet«cl tncrtaitt in RtquVmnwt* for Sdwttots ifkl Enginttrs, 
1963-197S, and Inttrpolation for 1t70, ^mptrtd mm Actual 
IncrtitM in Employ imRCl963-1970 . 



Interpolation Actual Deviation 

tor 1970 'Percent of Projected 

_(7/12x 1963-70 Change tn Fix)m Actual. 

Percent Percent Employment In Percentage 

1975^ Change Change) I9e3*1970> Points 



Original Projections 



1963' 



Scientists and 



engineers, total .. 


1.271J6 


2.119.4 


66<7 


38.9 


24.5 


14.4 




9249 


1.466.5 


58.6 


34.2 


19.0 


15^ 


Scientists, total - - 


' 346.8 


652^ 


68.3 


51.^ - 


36.7 


12.8 




107.5 


194.7 


8M 


A73 


2QS 


26.5 


Physicists 


36.1 


71.9 


99.2 


57.9 


35.3 


22.6 


Mathematicians. . 


42,1 


87^ 


107.8 


62.9 


7a4 


7.5 


Uftf scientists 


112.1 


222.3 


93.3 


57.3 


44.1 


ia2 


Other natural 














scientists' ... 


49j0 


76.6 


56.3 


32.8 


393 


6.5 



Median <teviatton 



U2 



* 12. f)«go ts. 
othef physical tc^niists. 



Table 2JkS 

Comparison of Protected and Actual Net Changes in RequtrementSt 
Supply and Employment for Engineers* 1959*1970 



figures as Originally 
Published 



Adjusted lor 
Revision in 1969 
Employ nvent 
estimate^ 



Pfotectctiangtt 

Projected. 1970* 1.484.000 

Employed. 1959^ 782.800 

Net change 701.200 687.900 

Graduates entering^ 451.000 451.000 

NOngraduates enteringi* ^ 209.000 205,000 

Deaths and retSrements* ^187.000 — leSjOOO 

Net change 473.000 473^)00 

Difference: "shortage" 228.200 214,900 

Actuil chinges 

fmp/oymenf*- IgTO 1.098^00 

1959 766J0OO 

/ficfease 330.200 

Graduates entering' . 345.000 

Projected net Change in supply (473«0QO) 
adjusted for "shortfati'* of 106^000 

graduates 367«000 



* 2, pago 49 * Z page 32 
> 760.000 ^7e2:«0D* 961. the^Jjustrtiflnt taCWr (j^. 0 U} *2:pag*3i 

* 2. page 33 * is^ps^o t1 

' 12. Pag« to 
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Comparison of Projtcttd and Actual Net Changtt In Rtqulmnentt, - 
Supply and Employmtnt for Ertglnttrt* 1960-1970 



Figures 
39 Originally 
Publbhod 



Adjusted for 
HeviStonin1960 
Employment 
' Estlrnate^ 



PfOjectftd, 1970' 1,374,700 

Employed, 1960^ 622,000 

Net change ^ 

Grtduates efltefing* 294,700 

Others entering: 

With degrees In other fields^ 73.000 

Immigrants «nd thoee without 

d©gre«»_ : 105,400 

Deaths and retirements 

Among those in the fjeld in 1960^ — 123*400 

Among new entrants^ —22,400 

Engineers shifting to other occupations\. —41*000 

Net change , 

0/ffofe/Tce: •'shortage" * 

AetUildiangta: 

foipfoKmenl* - 1970 * 

1960 

Net change 

Grattu&tesent^ring*^ 306,650 

Projected net change in supply (286,300) 
adjusted for 13,650 additional 

graduates 300,150 



662J00 



266,200 
266,500 



538,900 

294,700 
71*000 
102,800 

—120,300 
-21,600 

—40,300 
266*300 
252,600 



1,098.200 
601,100 
297.100 



*3.p«ge26 
• \2, p*g« 11 
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CompwriiOfi of Pi0{«cMd end AcUitl tM CtwigM in RtquimMnt*, 
Supply ami Emptoyimnt (or Scttntttti, 1959*1970 



Rgures as Origlnalty 
Publisher) 



Adltutod for 
Revision in 1969 
Employ ment 



R^iiiremnls: 

ProieclwJ, 1970^ 

Deployed. 1959' 

Net change 

Supply; 

Graduates entering. 1959^ 

Deaths and retirements* 

Net change 

Difference: 

Actual changes: 

SmpfoymenL*^ 1970 

1959 

Net change : 

Graduates entering* 

Projected net change In supply, adjusted 
for 30L90O additional graduates 



54a200 
313.400 



277.000 
,000 



234.800 

233.000 
1.800 



217,200*^ 



277,000 
-40.700 
236.300 

19.100 



496^ 
269.900 
206.600 



307.900 
267.200 



' 249J90O 313U0O ' th« 4<lju»tm«m r«ctor. 
'2.P*g* 34. 
' 2. P*SB 32. 

K.Z5.MSK.40iPriO,x1,0 " 



48 



41 



T«blt2A8 

Comparitcn of Pio)tctfd and Actual Ntt Changts tn R«<iu)rtcmmi» 
Supply and Employmtnt for Scltntlttip 1960*1970 



«5 Originally 
Published 



Adjusted for 
R6vtsiOnin1960 
Employment 
Estimate* 



Pfot«cM chanoft: 

Projected. 1970* 579.600 

Employed. 196CF 335^ 

Net change 244.300 220.600 

Supply: 

Gftdimtes entering* 256.300 25&^ 

Others entering: 

With degrees In other fields* 61,200 55^300 

Immigrants and those without 

degrees* 7.900 7.100 

Deaths and retirements: 

Among those in the field 1960* ^33.600 —30*500 

Among new entrants^ — \$|500 —10.400 

Scientists shifting to other i ^ 

occupations^ —16,800 , -*15^00 

Net change 263.300 262j600 

0/fference ^ 19.000 42.000 

Actual changts 

EmptoymenC - 1970 496.600 

1960 302.900 

Net change 193.600 

Gratfuafes euferfn^"* 296.000 

Protected net change in supply (262.600) 
adjusted for 39.700 additional 
graduates 302.300 



' 3. pigtt B 

* 3, pige 16 

' yj2Ji00 33s^ » 903. thtt atf^itm«nt factor 
<^ % p>ge 23 

* 3p pftg« 24 

' 3;p»ge26 
« I2.pig9 11 

1 S. piQtt 44. 46. 48 Actual gra<hf»tiQns ad^ited » 
follow^ lOfliow tt>09« acUfati/ entaring scHtntidc f & S 
X SlMSx 40.Ph 0 X 10 
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TaMt2Jk9 

Pro{«ctt4 Emptoymtnt ChtngM In Stttcttd Indt^ttritt, 
Compittd wHh Actual Changtt, 19S9-1970 



Deviation 
of Projected 





Projected 


Actual 


From Actual, 




Percent 


Percent 


in Percentage 




Change* 


Change^ 


Points 






14.6 


14.7 


Minim - -- -- -- 


28 7 


■)4_9 


43 j6 




54.7 


14.2 


WrtJ 


MAnilfftCtilrinA fnlal 


30 ji 


fw.U 


14jfi 


Food 


15 5 




19 ft 




11 ^ 








19 ft 


_1 1 








9A 1 


1ft 4 








■5.1 




20.0 


—11.5 


31.5 






55 j6 


25.5 






6l0 


25.8 






11.2 


20 j6 




20.8 


13.8 


7.0 






36.5 


4.7 






37.3 


31.8 




40j6 


lao 


30j6 




54J9 




21.6 




20^ 


ia7 


9^ 


Tiansportaliont communtcatfon. and public 












12.0 


4.3 




28.5 


63.7 


35.2 








19.4 



> 10. p*g« viU. 



50 



43 



Tabte 2Jk10 

Prcjtcttd Emptoymtnt Changtf In StlKltd lnduitr(tt« 
CompimI with Actutf ChangM* 1960*1970 



Deviation 
of Projected 
Prolected Attual from Actuaf, 
Peic«nt Percent in Percentage 
Change^ Change^ PoinU 



TotiU selected Industries 19,4 20je 1,4 

Constn-Otion 32^ 172 15l7 

Paper IM 17,4 1,0 

Chemicals 25,0 26l7 2,7 

Primary metal Products Sl9 6.9 ^0 

Fabricated melais and ordnance -» 22,6 19l7 2.9 

Machirwry 15.4 JM.1 , 16-7 

Eiectrlcal equipment 50.4 3a7 19.7 

Professional end scientific instiuments - - 43.6 29.9 13,9 

Motor vehicles and «a"ipment 11-2 iai 1,1 

Aircraft missiles and spacecraft , 7,2 6.5 ,5 

Pelrofeum and coal products * 4X1 — lOH 14.0 

Communications i 1.2 33.4 32,2 

Electric gas and sanitary services ^5,6 123 6^5 

Engineering and architectural services 49.6 583 8*5 

Federal sovernment 7,6 17,4 9.6 

Median deviation, 15 industries 6l5 



* 3 (ComputAd fiom Inlbfinttion ^tvm in P«g«»45^l.) 
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T«Mt2A11 

ProltctMl EmployiMnt Changtt in Stltcttd Induttrltt, 
Compartd with Actuat Chafiaw» 1M4-1970 



D«vilit$on 
of PrOlecM 
Projected Actual from Actum, 
Percent Percent in Peccentege 





ClienQe^ 


Change* 


POinU 


TaIaI nnminrlniltiiral AmnlAunMMit 






i A 




O 


^1 7 








Ifld 


Q A 






Q 0 * 


9 ^ 




9d 




9 1 






— fi 9 




dimtliifu 


11 Q 


13 31 


1 4 




Q 




1*4 


PrliRArv iTkAtAl croducts 


— f) ^ 


6.7 


72 




Ifl 7 


1R fl 






t5 A 


9^ i 


7 7 


f*lA^lri^Al AAiiiflmAnt 


17 A 


24^ 


6i4 




9d 


19 1 




1 net ft 1 mant4 


17 Q 




A A 


Li? ey^l Pa AAA* 1 ft mAniifA^tiirilnn 


ttl tl 


7 1 


9Q 




— i 1 


1 Q 








-e.t 


0.5 






9^ 


lU 




A A 


A A 


'A 0 






1Z6 


1.8 






15^ 


6^ 






t9>4 


5.4 








15.4 






33.t 


16.9 




-1.0 




6.6 






13,7 


t0>6 






22J5 


5.7 






24.7 


8.0 






33^ 


8.5 






152 


8.7 






35.6 


1.9 








6.0 



) ioim*vur. 



52 

45 



TaM* 2Jk12 

McdlM Annual Earnino* of Enginaan Con^arad to Thoaa of Mala Wortcart 
in Saltctad OccupaHona, IfW to 1172 





1958 


1962 


1918 


1980 


1971 


1972 


n I nilJIra 


t' 


Apt* 






# I4*v£9 




All fn*l* UA^Art 










7 ^ftfl 

* *tW> 


7 QO1 
























1 V*v 10 


11 ?4S 






















6*842 


8*115 


10*225 


10*992 


11,777 


Salted mdnftgdrs Snd ofllcials 4... 


6,247 


7*238 


9*1CI 


11*284 


12*456 


13,473 


Relailve eamfngs of englneeers to 














those of: 
















1.902 


1.822 


1863 


1.895 


1.899 


1.893 


Professional technical and kindred 
















U62 


1^7 


1.»9 


1.243 


1.247 


1.251 


Salaried professorial technical and 
















1^ 


1282 


1^ 


1^8 


1.276 


1.285 


Salaried managers and officials 


1.239 


1.212 


1J81 


1.159 


1*130 


1.123 



lromS«f>MP-60LKo.eS0973J 
1972 Iront S«<j«« P-COi Ko. 90 {WZ) 



T«b)8 2*A13 

Annual Percent Increases in Average SatartWt 1M1*1t73 for Sttecled Occupations* 



Percent Increase Over the Previous Vear 



*62 *63 '64 '65 '66 *67 *68 *69 70 71 72 



'73 



Average 
Annual 

Rate Of Cumulative 

Increase* Increase* 

1961*73 196V'3 



Engineers 


2.6 


4^ 


2.9 


3.2 


3.7 


4,3 


5^ 


6L2 


5.5 


5.7 


5^ 


5.1 


4.5 


69.7 






3.8 


3.3 


3.9 


4.8 


4^ 


5.1 


63 


5.9 


5.5 


5.1 


3.7 


4.7 






... 2.8 


3.3 


2.8 


3.5 


3^ 


4.6 


5.7 


7.0 


67 


6.7 


5^ 


4.9 


4.8 


75j0 


Engineering 






























technicians 




2.9 


3.6 


2JJ 


2.8 


3.7 


5.1 


5^ 


6.3 


6.5 


5.1 


4.7 


'4^ 






... 3.2 


3.6 


2.6 




1.5 


3.5 


5.3 


5^ 


4.9 


5.8 


7^ 


6.2 


* 





* euf«t^J or LsbOf Suti»liC9. t^uooMt Sttrv&y of Ptetvm^t. Admnuitnit^** 
ivctmicti Mtta a^riCMt P9y. Mirett 19TX Bvtiehn 1B04 119731. paQ««Ointf 4 OiU 
v« bu«d on i fturv«y Qt «sttblt«nmeiit» 

f Hot son^td Sot 1961. itf«f«s« inituar ntc i» tat p«fiod 196£.19T3 

* C<Hnpjr«t>«<Ji}iftQt Available fof t>Oth 1964 ind 19$5 

^ Oxnpttitonor^r ih(» p«f lOd w4» not potfibie D«catn«of cntng«s ifl4«1iflition 
or ihe oocupatiOA 
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Tabto^A14 

Sckniitit and EtHjInttrt w i Ptfctnt of Total Emptoymant In Stiaetod Induatriat* 
Proltctad 1959-1970, Comparad with Actual Data 



Original EstJmites^ 



Actutt Otl«^ 



1959 



Percent 
chtnge 



1959 1970 



Perc^fH 
change 



Devtitlon of 
- Projected from 

ActuaU In 
Percentage Points 



MJnlftg 4.2 8JS 104^ 4JJ S2 20-9 

Construction 3.4 4-5 32,4 1^ 1^ 6.7 

Food products -7 J9 28JB .8 .9 12.5 

Textiles and apparel .3 ^ 0 .18 .25 36>9 

lumber and furniture JS .6 20>0 3 S 300.0 

Paper 1.7 2,7 58.8 1.8 2.8 55.6 

Chemicals 9.0 12,4 37.8 9^ 10^ 10.9 

PetroTeum and coal products 7.5 M 17.3 6^ 8J6 32.3 

Rubt>er products 2.4 2J6 6^ 25 2J6 *4j0 

Stor>e. Clay arvj glass producis t,8 2.4 IJG 1J9 18.8 

Primary metal products 2j6 4j0 53.9 2Ji 2^ 0 

Fabricated meial products 

and ordnance 3.0 5.7 90.0 3,8 5.1 34.2 

Machinery 4.2 5.6 33JJ 4.1 4^ t?.! 

Electrical eqfpment 7.6 102 34.2 7.8 8,4 7.7 

Transportation equipment 6.4 t0i2 59.4 6w4 7.3 14.1 

Professional and scientific instruments ... 6w9 9i3 34.8 7.0 8.2 17.1 
Transportation, communtcaiion and public 

utiHIics 1.S 1.9 18.8 „ 1.1 1,4 27JJ 

Engineering and architectural service^ ,,, - 30.3 30,3 0 40.7 35,8 —12,1 

Median deviation, 18 Industries 



63J9 
36J9 
16w1 
36^ 
IOOjO 
2^ 

26,9 
15.0 
4^ 
145 
53.9 

5S,8 

16l2 
265 
45^ 
17,7 

85 
12,1 

22,1 
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Table 2.A1S 

Sclftnttsto and Englnwrt as a Percent of Total Emioyment In Selected Industries, 
Projected 1960*1970, Compared with Actual Data 



^ Deviauon 
Original Estimates' Actual Data' Prolected from 





1960 


1970. 
projected 


Percent 
change 


1960 


1970 


PercenI 
change 


Actuat. in 
Percentage Polnta 




2.2 


3.2 


45.5 


1.6^ 


1.6 


0 


45^ 




1.6 


2.5 


56.3 


2.3 ' 


2.8 


21.7 


34.6 




9.0 


lo.U 






1U.£ 




OC 7 






o.r 


Aft n 


£.0 




u 


Aft n 




























- 3.1 








4.2 


5.5 


19.1 


4.2 


4.S 


14.3 


4.8 




7.7 


10.0 


29.9 


8.1 


8.4 


3.7 


26.2 


ProfessiOnat and scientific instrument . . . 


7.4 


10.1 


36.5 


7.5 


8.2 


9.3 


27.2 




3^ 


AA 


33.3 


3.1 


4.2 


35.5 


2.2 ' 


Aircraft, missites and spacecraft 


12.3 


21.0 


7a7 


22j6 


24.8 


9.7 


63.0 




7.5 


ia7 


42.7 




8.6 


4.9 


37 j8 




2j6 


3.5 


34.6 


1.6 


2.0 


25.0 


9.6 


ElectrlCt gas ancfsanitar>' services 


4.2 


4.5 


7.1 


3.5 


4.4 


25.7 


18.6 . 


Engineering and architectural services . . . 


30.7 


33.0 


7.4 


39.8 


35.8 


—10.0 


17.4 


Federal government 


4.6 


6.5 


41.3 


4.3 


5.8 


30.2 


11.1 
















26.2 



* X ptse» 45*$1- 

* 13. pages 9 «r>d £0. p»g« viii. 
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3. An Overview of Projections 
and the Supply Side 



This chapter is husei on Dr. Ktdd'soral presenlal'm and on his paper. The lead discussanlswere 
Ue Grodzins, l\4assachu$eils Insliiuie cf Technokgif. and W. N. Huhhard^ Jr.. The Up- 
john Company. 

Charles V. Kidd 

Executive Secretary, Association of American Universities 
Washington, D.C. 

I would note that the conventional analysis of fixed factors which looks at 
supply and demand as separate and unrebted events has its problems and thatit 
tends to discourage people from looking at price and other adaptive mechanisms. 
That theme has already become and will continue to be a center of attention at 
this meeting. 

It is my observation that the matrix of the kinds of decisions that different 
people make and the kinds of decisions to which projections are relevant is quite 
elaborate. So many purposes are served that individuals and grodps will force 
continuing attention to projections. There is a widespread feeling that neither in- 
dustry nor federal laboratories use projection data much, but on the other hand 
they seem to be of concern to those parts of government that deal with oc- 
cupational outlook such as BLS or those who are concerned with kind and level of 
fellowships/ and/or R&D money from the Federal government. Breneman and 
Freeman make the point that projections would be oflittleuse;n a central man- 
power planning system or as a provider of information to guidance counselors, or 
educational institutions. They feel that students are highly responsive to market 
opportunities, and their behavior will keep markets near equilibrium thus ob- 
viating the need for forecasts. A case can be made that these observations a re not 
wholly correct since, when government provides fellowships, support *for 
students/ and general R&D Support/ a degree of rationality must be present in the 
procedure. If more people are trained at the graduate level than can find Jobs, this 
is in effect an economic waste that might be curtailed if demand forecasts were 
considered in government policy formation. Even those who argue that almost 
total transferability exists between professional and nonprofessional fields must 
agree that training personnel for a particular field, a field in which the trained 
cannot find employment and hence must transfer out. is expensive and wasteful 
to the extent the training is not appropriate for other purposes. This thinking 
leads to the conclusions presented by Breneman and Freeman that forecasts are 
useful in: (a) evaluating governmentalpolicies, (b) giving early warning of emerg- 
ing problems, and (c) providing an informational and diagnostic device which 
directs attention to market problems beyond the purview of individual decision 
makers. 
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Other uses of forecasts tend to be more indirect. They are not used to make 
specific decisions^ but rather to consider secondary and tertiary consequences of 
prospective changes in the labor market. For example^ projections have drawn 
productive attention to the effects of an aging faculty on the nature and quality of 
teaching in the universities* If the lack of university positions for bright young 
persons persists over the next decade or so, there is the possibility that more 
productive research will be going on in non-academic centers rather than 
academic centers. The projections have also drawn attention to the question of 
training graduate students for non-academic careers^ again based on the outlook 
for academic positions. These indirect uses of projections are valuable even if 
there is a wide range of error in the forecast. What is required at a minimum is 
that the sign not be wrong; by and large, the signs have been right. 

Historical Giaracter of Proie*:lions 

In the recent history of projections, graduate enrollment and Ph.D. produc- 
tion have been overstated primarily because the effects of the market were not 
taken into iiccount. For example. Federal support fell from 50^000 graduate 
fellowships in 1968 to 6,000 in 1974. In the face of this reduction graduate enroll- 
ment went up— first-time enrollment increased 2.9 percent in 1971, 2.7 percent 
in 1972, ^nd 5.4 percent in 1973. In retrospect this ts easy to account for. First, 
Federal support of graduate students through fellowships represents only a small 
percentiige of the total support of graduate students. Thus the sharp decline in 
Federal support did not cause acriticiil change in the total support available. Sec- 
ond, iilternate sources of support were substituted for the Federal reductfon: 
students ^re probiibly working more; they are borrowing more; and families of 
griiduate students <i re prob^blycoming around to the p^ittern which has prevailed 
for bw and mediciit students, that of providing more of the necessary funds for 
their education. The extent to which this is good or bad is another question .It's 
not good if pushed too far. 

In the hceof the m^irkct, defensive crcdentiating seemstobe^ippearing. Peo- 
ple are seeking the M.A. or a Ph.D. to protect themselves in those declining 
employment markets where iiciidemic credentiiils become a significant factor. 
Education is a case in point. 

All in all, the effect on graduate enrollment of the cutback in Federal 
fellowship support ha& been muted for various reasons. While first*time graduate 
enrollments have increased, the output of Ph.D/s has been lower in 1971, 1972, 
and l<)73 than was predicted (Allan Cartter excepted). In 1973, 33.700 Ph.D.'s 
were awarded. OE predicted 3S.O00; NSF, 3e>,000; and the Commission on 
Human Resources (National Academy of Sciences) predicted 36.000. What is 
happening lb a breakdown of thestable trend of the 1960's when there was a good 
correlation between fjrst-time enrollment and Ph. D. output four to seven years 
later. Over the last few years a smaller percentage of students has continued on 
to a graduate degree. This is an important variable^ and it is probably less stable 
than was pievtuusly believed. But again, we have an indication of change in the 
nature of the process in which Ph.D.'s are produced. 

Some Unresolved Problems 

Projection^aiul predictions are interactive. To the extent that people believe 
manpower forecaiit^ and act upon them, the forecasts are doomed to error unless 
those who make them predict the effects of their own forecasts. In the social 
sciencei> furc'cai>ti>Are noti»inip!y efforts to foretell what will happen. they< an and 

52 

ERIC 59 



do often influence the course of events. Many draw sharp distinctions between 
projections and predictions. Operationally, the distinction tends to break down as 
people insert judgmental factors in order to preclude obtaining silly results. The 
extent to which judgmental factors are introduced tends to determine the extent 
by which projections take on the character of predictions. But regardless, all 
forecasts or projections have an element of prediction in them. 

Thereare several problems with the projections which have b^ en made. Very 
little is ever said about the quality ofthe manpower training process or about the 
quality ofthe people being trained. Measure:; of quality a re difficult to postulate, 
but they musk be considered. 

Two related problems are those of disaggregation in forecasts and sub- 
stitutability. Disaggregated data of individual disciplines orareas will provide the 
basis for more meaningful projections of the gross numbers of Ph.D. 's awarded, 
but it is increasingly important to the specific disciplines for accurate information 
on supply and demand and the adjustment process. As the disaggregation 
becomes finer, the problem of substitutability becomes more difficult while it also 
becomes increasingly important. If the training or skills in one specialty are ade* 
quate to permik a person to work in another, then rebtive shifts in demand by 
Held can cause largeshiftsineffectivesupply. The problems of forecasting supply 
and demand thenb^gin to merge and become indistinguishable. It should also be 
noted that demand in precisely defined fields may be even more difficult to 
measure than supply. Another way of stating it is that the number of those with 
their training in a given specialty is an inadequate measure of the supply of per* 
sons capable of working in that specialty. 

The relation among supply, demand, transferability, and informationcoUec* 
tion represents an extremely difficult forecasting problem both conceptually and 
operationally. Its complexity becomes even more so if graduate education 
becomes (as it should) capable of educating people for change, if it deliberately 
seeks to equip them to shift from one field of employment to another. Should 
current tKoughts about rapid technological obsolescence of specialties and the 
need for retraining be translated into action, the difficulty of the task of defining 
the supply ofpersonstraineJ for specific disciplines or fieldswill be compounded. 

vUnder employment is another feature which forecasts have not dealt with in 
detail. It is generally assumed that Ph.D.'s. particularly in science and engineer- 
ing, will not be unemployed— at least not in large numbers. But there is the 
possibility of underemployment if we continue to train Ph.D.'s foronetypeof ac- 
tivity and they are then forced to shift to another. To date, adequate measures of 
underemployment have not been developed. Some possible criteria for measur- 
ing underemployment are these: 

^ huome. Is an individual's income lower in relation to the average income 
in the fteld? 

^ Social pttfdudivily. A Ph.D. physicist could be teaching in a community 
college and contribute disproporkioniitely to society, hence not be un- 
deremployed even though hi^ income might be low relative to his peers 
in universities. 

♦ De^rtf of useot ^kiih. Is a person employed in a position which allows the 
reasonably full use of the skills acquired? 

However. I conclude that a definition of underemployment might not be as 
beneficial as simply having better measures of what highly tramed people are do- 
ing, by occupation and income. Perhaps a better measure of what highly trained 
people are doing, by occupation and income, will give the necessary insights. 
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Finally, it seems that the central problem in forecasts lies in the inadequate 
attention which has been paid to market forces, the forcesof adjustment, and the 
process by which equilibrium is arrived at. The question is not whether these 
forces should be taken into accounts but how. Critical to thitJUthe adequacy of 
data which would permit approaches to the question-of the influence of prices, 
salary changes^ andthe whole equilibrium mechanism in the contextof forecasts. 

Lee Grodzins/ Discussant: 

Professor of Physics 

Massachusetts hstitute of Technology 

1 would like to digress from specific aspects of Dr/Kidd's presentation to 
comment on parts to which he alluded but did not stress. The first point is to the 
effect that projections are de facto forecasts; an accompanying disclaimer Is the 
fine print never heeded, at least by those who will use the projections. The projec- 
tionist must live with the reality and include in the projection the effects of 
various decisions anticipated as a result of the projection. 

for example, the deep and continuing cuts in graduate fellowship support 
had initial effect of shifting populations of graduate students away from the 
prestigious schools and has had a net effect— as the prestigious schools found 
funds to recover their share of the total student body-— of accounting for much of 
the net decline in the population of graduate students in the sciences. Projections 
made as forecasts would have predicted these consequences so that accountabili- 
ty would have been clear and a different policy might have been executed. 

Demand almost always creates supply but supply rarely creates new demand; 
there was negligible demand response to tthe oversupply of chemists and 
physicists and what little there was, was transient. A strong case canbe made for 
a manpower equation in which there is always a visible shortage of the total 
number of scientists and engineers so that demand is always driving supply/ for 
when this occurs the sciences will be assured of attracting the strongest students, 
scientists will have better opportunities for finding their most effective careers/ 
and the s'ciences and engineering will benefit from vital cross-fertilization as in- 
dividuals switch fields to compete for and fill positions of greatest demand. 

The supply-demand equation is also a problem ia time and time delays/ in 
pipelines and in feed-back loops. Projections must be made for five years in ad- 
vance/ at leastr to meaningfully effect situations in which there is a five-year 
training period. Given the uncertainties in the manpower demands in any five* 
year projection^ let alone the ten- to fifteen-year perod which is actually relevant 
to an undergraduate's career plans/ projections must be constantly updated, and 
mechanisms must be found by which the various time delays can be shortenedso 
that the supply-demand system can respond to changes. Here/ too, we see the 
argument for an undersupply of scientists for saturated fields have little flexibili- 
ty; the recent experiences in physics show us that while there is a dramatic reac- 
tion at the entrance to the supply pipeline/ with students staying away or 
switching graduate training, th^re is at most a sluggish re^onse either within 
the pipeline or within the demand sectors. 

Reference has also been^ade to my second point. T^e supply-demand equa- 
tion is not a "chicken and egg" problem. If you need to build more bridges, you 
probably need more civil engineers; but a large supply of civil engineers does not 
mean you build more bridges/ even though it sometimes happens.. 
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The supply-demand equation has different meanings for different parts of 
the community. The funding agencies^ employers^ and students all have distinct 
views. It is important to interpret available information in such a way that each 
group understands the other's point of view so that a coherent approach emerges. 
This means there is need for both global information and microscopic infbrtr-a* 
tion. No large organization will act on information too narrowly based — the 
global view must be present. But individuals and individual institi^ions never act 
on global data. They act on the information pertinent to their particular problem. 
Their horizons are limited, their interests parochial. The major task^ one which 
seems capable of attainments is to make assessments which are as meaningful for 
disaggregated groups as they are for entire fields of science and engineering. 



Hubbard, Jr., MD*, Discussant 
President 

The Upjohn Company. Kalamazoo. Michigan 

Information distributed about projected supply of and demand for scientific 
and engineering manpower has not yet had the clear effect of changing the 
behavior of either suppliers or consumers of that manpower. I would propose 
that the problem we are addressing is how to define and manage the behavior 
change we wish to occur as a result of the transfer of the information on man* 
power needs and supply that we are developing. 

In order to make these data on calcubted supply and demand effective in 
creating changed behavior^ the traditional variables we consider must be extend* 
ed. There are overriding variables which can cause gross deviations from the best 
currently calculated projections of manpower demand and supply^ creating dis- 
continuities of much greater magnitude than even the generous margins of error 
within the calculated projections. 

One such overriding variable is the instability of the general econon^. ana 
another is the populist political trend that leads toa life style tliatassumes equali- 
ty of access to outcome rather than equality of access to opportunity. Similar in 
magnitude is the questionable availability of capital for maintaining the rate of 
growth of productive enterprises that is assumed in calculated manpower projec- 
tions. At the present time extrapolations of growth of our general economy are 
quite unreliable. 

It has been emphasized in this conference that shifting government policy on 
direct research support is of a high order of importance in creating gross demand 
deviations from the relatively small ranges of errors that have been calculated in 
manpower projections. This is so, but a much more important source of gross 
deviations is the evolving policy of the government toward providing publicserv-* 
ices that are great consumers of scientific and engineering talent. 

The provision of universal health services will have a greater impact on con- 
sumption of scientists than the broad deviations in heatth-rebted research sup* 
port of the past five years. Health is only one example of the public services that 
are enormous potential consumers of scientific and engineering manpower; 
energy, environmental pollution control^ and non-renewable resource sub* 
stitutes are similar in impact. These sources of overriding variables in the socio- 
economic realm and in the realmof policy toward public services have to be iden- 
tified and their impact on the reliability of calculated projections estimated. 
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It is probable^ in my opinion^ that the importance of incremental technology 
is increased in a society committed both topublk service and to growth. Over half 
the value of our gross national product is now in services and there is a broad 
commitment to improved quality of Hfe as well as standard of living. Such a set of 
goals can be achieved only by improved productivity of service groups as well as 
producers of goods. 

However^ technology is notyetwideiyaccepted as an important means of im- 
proving the productivity of the service sectors even though in optimizing these 
activities for effectiveness of public benefit it wilt be essential to accept and sup- 
port technologies that allow increased efficiency. 

For examplei the unit cost of educationJsTisingat a rate that may soon make 
the cost to the student intolerable. While tuition rates are rising, legislations are 
restraining their support of h igher education and universities face a combination 
of falling endowment income and escalating institutional costs. 

In order to arrest these trends toward disaster, a sharp increase in the 
productivity of the educational process is needed. Technologic innovation in 
higher education— particularly graduate and professional education— has been 
resisted heretofore but it is now essential to the improved productivity that is a 
condition of survival. 

Another example of an intolerable rate of increased service costs is in the 
realm of health care. Diagnositc and therapeutic technology defines the Umits of 
an effective productivity of the individual health practitioner^ while efficiency of 
the practitioner is a function of the distribution system of which this person is a 
part. The distribution system has been notoriously resistant to technologic in- 
novation and this had adversely affected the utility of innovations in diagnostic 
and therapeutic technology. Universal health service will require unprecedented 
efforts from the biological and clinical scientists, but will also create demands for 
measures of the effectiveness and efficiency of novel distribution techniques in 
actually improving health rather than simply expanding services. Without this 
controlling measurement, a simple expansion of services may not achieve its ul- 
timate purpose of improving health. 

A final example of rates of increased costs in the service sector that may soon 
become intolerable is the growth of government. Government is a natural 
monopoly and most difficult to regulate. At all levels it is the most rapidly grow- 
ing enterprise tn our society and the largest source of new jobs for scientific and 
engineering manpower. This totality of local state and federal government is the 
most dynamic growth industry in our nation, and yet it is hardly recognized as a 
factor in calculating projected manpower demands in science and engineering. 

The application of technology to agencies of government service has been 
resisted in much the manner thathasbeenobservedineducation and health serv- 
ices. These three may serve as sufficient examples of service activities with 
overriding demands for manpower if their availability and productivity are to be 
improved so they can serve the public at a tolerable cost. 

Since scientific manpower supply is a function of the educational process^ 1 
would call attention tosome novel social variables of our time that have arisen ex- 
ternal to the educational community but which will continue to force profound 
changes upon it, and will affect the calculated projections of output when we 
learn how to include them in our calculations. 
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All graduate and professional education is based on the idea of individual, 
meriti identified through competitive selection. However, lhave referred already 
to a developing life style that assumes equality of outcome rather than equality of 
opportunity which is more popular among the socio-economic group that 
traditionally has sought graduate education. This conflict between egalitarian 
and meritocratic values has led to significant changes in the environment of 
graduate schools. 

The growing anti-^institutional bias of graduate students adds to the 
challenge to traditional practices. We must reconsider the social utility as well as 
the intellectual validity of a graduate educational process in which only 15 percent 
of students reach their goal of a doctorate and in which the vocational destiny of 
the student is obscured by the disciplinary and departmental nonmendature of 
his degree. The degree itself, under those pressures, has declined in value for 
many talented students whose favored life style denies institutionalized educa- 
tion as the optimum path toward personal vocational goals. 

Faculty effort distribution cannot be immutable if increased productivity is 
to be achieved. The capacity to adjust between research and education is essential 
to responsiveness to changing social needs. The traditional academic model of 
research and teaching is a value judgment and the suitability of employment, 
overemployment or underemployment, is gauged against this isolated value 
judgment. It is not, 1 thinks salary but rather"revealedtruth''that]Sattherootof 
the notion of underemployment of scientists. 

We must examine the whole range of social and economic needs that can 
most effectively be met by graduate education. Vocationally oriented programs 
of graduate instruction should be made available to meet these needs. Students 
make vocational choices, but the labels under which information is supplied to 
them t^nd to be disciplinary, or departmental. These traditional labels are of 
historic interest but do not represent the vocational component which affects a 
student's choice and decision. We have surreptitiously moved to that vocational 
level as ^e have made immunologists instead of biologists and have created all 
kinds of hybrids in bio-engineering and biophysics, but in many instances have 
declined to change the nameof the certificate. In short, this reluctance to vary the 
traditional value judgments behind theacademicdoctorate needs to be changed if 
we are to have rapid adjustments to demand changes. 

My points, then are these: 

* There are overriding variables that have the capacity to make even the 
best predictions irrelevant, and these need to be recognized. 

• There are massive changes in the nature of our economy and in the 
mood and value system,of the students that come to us. 

r 

* If we are going to have a relief in the tension of the dissynchrony 
between supply and demand, then university faculties will have to look 
to their own houses and make adaptions to the educational process itself. 

General Discussion 

Several poiats were raised in the course of the discussion. These are sum- 
marized, 

♦ There is a critical problem of lag between the time manpower needs are 
recognized aad training can take place. 
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Although total flrst-^^ime enrollment has risen despite cutbacks in 
Federal fellowship support/ there is a decline in the ratio of number of 
first-year enrollments versus total baccalaureates graduated. This 
suggests that the Federal action is having an effects albeit one which is 
difficult to forecast. 

The decrease in ratio of first-time graduate enrollments to bac- 
calaureates may represent a real decline in quality and a change in the 
distribution of graduate students among fields. It may not be wise to 
force students to work too much at the wrong thing off-campus or to go 
too heavily into debt. Aisot the accentuatlDn of graduate school as a 
middle-class opportunity^ with denial of opportunity to those who can't 
afford ity is questionable. 

The removal or sharp reductionof the Federal support for higher educa- 
tion is more or less a declarationthat there is no Federal responsibility in 
this area. It woukl be a national loss if we abandoned the willingness to 
insure that the best of our young people are able to goon to training in 
whatever Held they wish. 

[decisions affecting graduate educationhave a political component when 
made at the Federal level. An OMB decision to decrease fellowships is 
one kindy and concern with equal opportunities for minorities and 
women is another. The effects of these decisions must be included in 
useful projections, and the reasons for the decisions must be fully un- 
derstood, whether it be the result of an energy crisis or a Gvil Rights 
Act. 

If annual Ph.D. production were to decline as much as 30 or 40 percenty 
there would stillbe an increase in the inventory of Ph.D. 's. However, it is 
not just the total it is input that is significant; the age distribution and 
quality of the stock would certainly be.affected. We must take seriously 
the early contribution to research of bright young scientists and 
engineers. 

The supply of manpower has direct impact upon the demand for Federal 
funding whenever on-going projects are considered. There are severe 
losses to the disbandmentof tal>or:?tories which took years to buikly the 
investment in trainingy in team coherencey in success/ is sovaluable that 
every effort is made to retain the structure and personnel as the goals 
and purposes shift. On the other handy there is little evidence that the 
suf^ly of individual unattached scientists/ a manpower pool without 
clear focusy has any impact upon the demand for Federal funding. There 
has been no Federally funded project of any magnitude initiated in the 
last years because there are thousands of Ph.D. physicists available. 
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The formal paper preparti h}f Charlts V. Kidd for ihh stssion appears M<w. 



An Overview of Projections 
and the Supply Side 

L bitroiluction 

My first ass^nment is to pr^ent an- overview of projections, a chore 
accepted vWthout adequate thought. Finding the field too vast t decided to com- 
ment on a few general matters that seem to of general interest and 
significance^ These include suchquestions as what are projections properly used 
for, how good have they been, and how precise do they need to be That is the first 
part of the paper. 

The second part of the paper pose$ some problems on the supply side and 
suggests some possible paths to solution. 

Before proceeding to the substance of the paper, Ishould firstlike tosuggest 
as a possibility that looking at the problem from the supply side and from the de* 
mand side, which has been the conventional procedure, may be partly responsible 
for past and current methodological problems. VJhen methods for estimating 
supply are worked out with emphasis on factors affecting supply and demand is 
approached in termsof factors affecting demand, theeffects of the market tend to 
be ignored or played down. This is because market forces are neither supply nor 
demand but mechanisms which tend*— however imperfectly— to bring supply and 
demand into balance. In addition, the feedback mechanisms that are constantly at 
work tend to be ignored when separate projections of supply and demand ^re 
made and the matchbetweenthemis measured atsome given time in the future. 1 
shall return to proposals for dealing ivith these problems. 

As another prefatory note^ 1 want to make clear in case it is not obvious to 
everyone, that this report does not contain the results of any new research. It is a 
series of renectk>ns based on the work of others, rather than an effort to deal 
systematically with alt of the issues. The central purpose of the paper is tOf*2rive 
from events to date what some of the issues in projecting are for the future. 



IL The Use of Projections 

I take it for granted that projections are useful for a wide variety of purposes, 
that they will continue tobe made, that they are now inadequate and that efforts 
to improve them are urgently needed. These propositions are not universally 
accepted^ so I shall explain how 1 (x>me to these conclusions. 

On the first point— :the need for projections, I have outlined in a rough way 
the kinds of decisions that could be made Utter if good projections existed and 
the kinds of decisionmakers to whom good projections would be useful. (Chart 
3.1). One couU argue that every decisionmaker (governments, private 
employers, students, etc.) has a greater or a lesser interest in every kind of deci- 
sion (governmental spending, personal choices, college and university decisions, 
etc.), but I have simply noted the most direct and obvious interests. The array of 
kinds of decisions that could be made better and the array of decisionmakers who 
would be added by useful projections is so large that efforts to project the labor 
market situation for highly trained manpower will continue. 
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Chart 3.1 

Tht UtM of Prolwtiont of Supply and Dttnand for Hfghty Tratmd Manpower*-* 
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Freeman and Breneman have analyzed the uses of manpower forecasting 
and analysis and they came up with three major uses:^ ■ 



(1) A tool for evaluating governmental policies; 

(2) An early warning system which may reduce adjustment problems; and 

(3) An information or diagnostic device to direct attention to market 
problems beyond the purview of Individual decisionmakers. 

They beliew that forecasts should not be used fon or are of little value in 
connection with: 

(a) Operation of a central manpower planning system designed to ensure 
that the optimum number of ^students is trained in each field. (The 
authors believe that "students and other decisio.nmakers are highly 
responsive to market opportunities and can be expected/ over the long 
hauL to keep markets at or near ec^uilibrium/) 



BojrJ on CtaJu^lc E*JutJliort. November {t>, I*>73. VVurkin^ Dr.ift. ^4^mcogr.^I^hed. p. 18 
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(b) Provision of information to guidance counsellors. (The authors believe 
that ''students tend to ignore formal guidance. . . Direct observations, 
obtained by summer or part-^time jobs, older friends^ or professors are 
far more important information channels. . 

(c) Advice to educators on the number of slots to b" offered in college 
courses. (The authors believe that ^the supply of openings in univer- 
sities is sufficiently flexible to permit substantial changes in graduates 
without centralized planning or forecasting. A particularly grievous 
error in linking educational pbns to forecasts occurs in local labor 
market planning' which ignores the extreme geographical mobility of 
the highly educated labor force.'' 

In an excellent article, Howard Bowen has challenged the utility of labor 
market projections on more fundamental grounds. He cbims that the character 
of the economy cannot be predicted for periods long enough to be pertinent to 
educational planning, that is, 30-60 years in the futu re. iVlanpower requirements 
depend on what the country wants to do^ and education itself is an active force 
affecting the future. In Bowen's vlew.ihere need be nofear of oversupply based 
upon estimates of future supply and demand because the economy wiU adapt to 
various supply levels. Hehaspointedoutthateducationand training not used for 
the expected purpose are not wasted: 

A Ph.D. in English or history may find his destiny in journalism, in the 
State departnrient, in publishing, or in secondary education.^ 

Therefore (1 extrapolate from Bowen's premise), one need not worry about 
the unemployment of those with doctorates. 

One of Bowen s major theses is that 

Education at all levels is not something to be feared but something 
to be encouraged. It shoud not be '^strait jacketed" by detailed central 
planning based on labor market considerations. Central'pbnning of the 
educational system,-wh1ch implies rationing places in variouf programs^ 
is not only unnecessary but almost certainly harmful. . .Thenumberof 
places in various programs and in the whole system would be set in 
response to student choices^ not in response to dubious labor market 
projections. 

Finally, Bowen has made the point that 

The manpower theory of educational planning is based on a grand 
misconception— the input-output or the means-ends fallacy— that 
permeates society. The worldisregardedas divided into inputs, primari-^ 
ly in the form of work or effort, and outputs, primarily in the forpi of 
economic goods and services. 

He has pointed out that inputs can be rewarding and exhilarating and out-* 
puts stultifying. 

Education is not designed to prepare people for whatever work 
flows from the blind and predestined imperative of tech nolpgy; rather, it 
is intended to educate people of vision and sensitivity^ who will be 
motivated to direct technology into humanly constructive channels. 



^ "'Mdnpow^r M^n^gcmcnt and Higher tduaUon*' tducatt&tja} Rfc^rd. IVinier 1973^ p. 9. 
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Ortamly most if not all of us would subscribe to the thesis that student 
choice IS preferable to a central national manpower plan which would allocate 
pbces in accordance with forecasted future demand. There is first the practical 
consideration that experience to date does not generate confidence that the 
forecasts would be reasonably accurate. However, even if.the forecasts were 
good, there are fundamental objections to determining the number of places in 
various fields of graduate education by a central inanpower plan. Many find a cen^ 
tral manpower plan objectionable because it would deny to a substantial propor^ 
tion of students the opportunity to study what they choose, and because they 
believe that market forces are more efficient than government pbnning as a 
guide to allocation of resources. Howard Bowen is an eloquent and forceful ad^ 
vacate of this point of view. 

However^ Ihave some reservations with respect to the Freeman-Breneman- 
Bowen analysis. First, an effort to project is not necessarily an effort to establish 
central planning. Good projections should make free personal choices better in- 
formed. To say that projections encourage, or are useful only for central planning 
seems to me to impute purposes and intent to a technique that has in itself no 
philosophy or goals. 

jVloreover, federal expenditures for graduate education and for support of 
graduate students do inherently call for a certain degree of central planning 
however much one may object to the idea. The^federal money must be made 
available for a purpose. The amount of money should be determined by the net 
utility of expenditures for graduate education compared with expenditures for 
other things. The utility is certainly measured in part by what kinds of jobs and 
careers graduate students have. Projections are, it seems to me, a useful way of 
assessing what kinds of jobs and careers they may expect and hence what the 
federal investment should be. 

With respect to Howard Bowen's point that the shape of the economy can not 
be predicted 30 to 60 years in the future, 1 would agree, but would be satisfied if 
projections could be made reasonably precise for 3 to 5, or 5 to 10, years in the 
future. 

With respect to the reservations of Freeman and Breneman on the 
usefulness of forecasts for counselling and institu^onal pbnning, 1 agree that 
sources of information and advice other than counsellors are most important to 
students, and that colleges and universities adapt fairly well to labor market 
changes. However, if good forecasts are made certainly they would be helpful to 
both counsellors and to colleges and universities. 

Here tt might be useful to comment on Bowen's thesis that education and 
training not used for theoriginaiiy intended purpose are not ivasted,and that one 
therefore need pay little or no attention to prospective supply and demand. Ifind 
this a congenial philosophy of education, but it does seem tome important to dis- 
tinguish among levels of education jn applying the philosphy.^ Bowen's thesis is 
certainly applicable when elementary and secondary education are under con- 
sideration. An educated citizenry is necessary to the operation of a democracy, 
regardless of levels of employment or unemployment on any line of work. 
However, the increasingly vocational trends in both secondary and postsecond- 
ary education make manpower forecasts relevant. 



* For an elaboration of thi5 ihcme, see John K. Folger^ Helen S. A^tni, and Alan E Bayer, HMmnn 
Rfsourcfs aaii hh^^tttr EJucahoa (New York: Ru55cll Sage Foundation, 1970;, chdp. 7. 
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When graduate education is considered, the situation changes. Graduate 
education is less important than college, secondary or primary education as a 
means of providing the common base of knowledge and values necessary to the 
operation of society. To a greater degree thar\ is true at other levels of education* 
graduate education is training for a specific kind of job and a specific career. Those 
with graduate training tend to work at the tasks they are trained for. Only about 
20 percent of those with bachelor's degrees in liberal arts have jobs directly 
related to their training. However^ about 90 percent of those with doctorates in 
science and 60 percent of those with terminal degrees in sociology, economics^ 
and other social sciences have jobs directly related totheir training. Since doctoral 
training is intended to prepare persons for work in a specific field and since a high 
-proportion actually work in these fields, forecasting supply and demand is, in 
principle, a useful activity. It is not a tragedy or a complete waste to have a Ph.D. 
in English or history employed in publishing or secondary education. Hut it is an 
expensive way to secure capable people^ and these costs should bekept low. Even 
so, given the fallibility of forecasts and thehighcostsof^of being able tohire well- 
trained people when they are needed, one should err on the side of overproduc- 
tion rather than argue, on the basis of shaky forecasts, the minimum number 
needed. 

Since one legitimate measure of the utility of support for expensive graduate 
education is whether those trained will be employed at the tasks for which they 
were trained, forecasts of supply and demand are imperative, particularly when 
the Federal and state governments bear a substantial share of the costs of 
graduate education. There is not enough money foreverything and choices must 
be made, in large part through decisions made through the political process, 
between investment— as# for example, between expenditures for graduate and 
other postsecondary education. In this sense^ we do indeed have central planning 
for manpower and best efforts are needed to make this planning useful rather 
than harmful. 

Some of the most productive uses of projections relate not to specific 
decisions by specific deicistonmakers, but to speculation on the secondary or ter- 
tiary consequences of prospective changes in the labor market for highly trained 
persons. For example,one can point to a number of areas where the prospect of an 
oversupply of persons suitably trained for teaching and research in universities 
has invigorated consideration of change: 

(1) The effects of an aging faculty on the nature and quality of teaching. 

(2) The possibility that non-academic research centers may be relatively 
more productive thaii academic centers if positions for bright young per- 
sons are scarce in universities and the prospects forpromotion are poor. 

(3) iVlethods for training graduate students for non-academic careers. 

(4) Implications of low rates of hiring and slow promotion for faculty 
morale and for jSovernance. 

Fortunately, productive discussion can be stimulated by forecasts with a 
large margin of error— but the direction of change must be accurate. 

Even if projections prove to be erroneous^ methodological advances are 
useful. As Ahamad and Blaug have pointed out, ''Even a perfectly accurate 
forecast based on pure guesswork may-beless useful for planning and policy than 
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an inaccurate forecast obtained from a welUspecified model. In the lattercase, we 
are in a position to leam from our mistakes. . . , whereas in the former case we 
can only hope that we shall be as lucky the next time."* 



llh A Brief Review of Projections 
A* Criticisms of Projections 

The development of projections during the 1960's was accompanied by 
charges that they were not useful, and even harmful, W. E)onald Cooke, Dean of 
the Graduate Schootat Cornell, reviewed forecasts made from 1901 tol934,and 
found them curious.* For example, the President of Harvard stated in 1901 that, 
"Everybody knows that there are toff many doctors of philosophy for vacant 
college positions." In 1934, an article in the Association of American Colleges 
Bulletin stated that, "We have passed in our national history from a period of ex- 
ploitation, speculation, and development into a level period of operation in which 
fewer engineers will be needed.'' 

The later forecasts, which began to shift from the "everybody knows" form 
to a quantified approach, have not fared much better. The large errors embedded 
in the forecasts of the demand for academic made by the Office of Education, the 
National Science Foundation and the National Education Association have been 
thoroughly discussed by Beretson, Cartter and Folger. They have pointed out, in 
a series of analyses extending from 1960 to 1974, that the authoritative forecasts 
were in Allan Cartter^s words/^ . .at best misleadingandat worst counter to the 
facts."^ 

The Office of Science and Technology was the sponsor of a study in 1966 
that seriously overestimated the future demand for Ph.D.'s in science and 
engineering. 

As late as 1974, one observer cane to the conclusion that, "Projections of 
manpower needs and probable supplies have been so superficial and unsubstan- 
tial and our current understanding is so limited that any attempt to channel the 
flow of students into particular Belds (orinto graduate education as a whole) has 
as good a chance of worsening as of improving the market outcome."" 

He had good reason to be pessimistic based on the recent record. The NSF 
projections of 1961^ held that 65>000doctorates in science and engineering would 
be awarded in the decade of the 60's, but the actual figure was 7d>000> an un-^ 



D.C. 1973), p. 24, 

^ Journ;]! of Proceedings and Addresses oMbe A&soujUonof Graduate Schools m the Assocj^itton 
of Americ^in Untvcrsities, Tivtrnty^thtrd ^nnu^il conference (Washington, AAU. \'^7\) 

* Ctirdon. M.S. <ed.). Htghn Etiuiflhcti auiiihfLiihrMarkfi. Article by Alljn M Ortter, Th/A(ait/mu 
Uhr J^^arhL Ornegie Commission on Higher EducMion, (McCr^iw-Hill. New York) i974, p 232. 

" Dresch.S P. An Economic Ptrspective m the Evohition of Cr^iduate Education. TechnicJ 
Report Number One NMion^il Bo^ird on Cradu^ite Edutatwn. Washington, D.G March 1974., p. 15. 

* The Long Range Demand for Scientific and Technical (*ersonnel. a Methodological Study NSF 
61-65, 1961. (M.Cobernof ^'^^l>2ed the projected and kittuvtldegreesviwarded in EvaluainjitofPrtoT 
P/^fTCitoits 4>f OmanJ for atul Supplv of Su/nitm finJ Engmefr^. (NSF. SRS, Nov 1973) 
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derestimate of 20 percent. Ctoctorates in engineering were underestimated by 70 
percent (11,000 projected and 19,000awarded) and doctorates in science were un- 
derestimated by 9 percent (54^000 projected and 59^000 awarded). The projec- 
tions were based essentially onextensi on of past ratios of science and engineering 
doctorates to total doctorates, with total doctorates assumed to rise at a constant 
7 percent rate- 
In addition^ as I pointed out above^ current data show that earlier projections 
of Ph.D< output have been^ with the exception of Allan Cartter's projection, too 
high. 

It is too early to assess the validity of the 1968 and 1969 NSF projections of 
supply and demand.^ These are probably the most carefully done projections jn 
the science and engineering fields. The clear statement of methods, assumptions^ 
rationale and sensitivity of various factors in the 1971 reports and the care with 
which the projections were prepared make this the besl^of the projections based 
upon what might be called conventional manpower forecasting techniques. 

The NSF reports bring into sharp focus the question how the basic technique 
can be modified by taking market forces more specifically into account. 

B. Recent History and Recent Projections 

In a nutshell recent projections have overstated graduate enrollment and 
Ph.D. production, and the cause of the overestimate was an underestimate of the 
power of the market to bring about adjustments. 

X. Enrollment 

Take first enrollments. As we all know^ the number o^ federal fellowships 
was cut sharply between 1968 and 1974. To be precise^ the number dropped from 
50,000 to 6,600. 

In the face of this reduction, there has been no reduction in graduate enroll- 
ment. In fact, total graduate enrollment has increased, and the proportion of all 
graduate students enrolled full-time has remained virtually constant at about 50 
percent. 

A Carnegie G)mmission survey showed that first-time graduate enrollment 
increased by 2.8 percent between the fall of 1970 and the fall of 1971. However, 
first-time enrollment in private universities declined by 1.2 percent. Between 
1971 and 1972> first-time graduate enrollment increased by 2.1 percent, and 
between 1972 and 1973 by 3.5 percent. In each year enrollment in private un- 
iversities increased by less (-9 percent and 2.7 percent respectively.) 

Why has the number of graduate students continued to rise while federal 
fellowships have almost disappeared? 
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First, all federal support for graduate students provided only a small fraction, 
perhaps 10 to 15 percent, of the funds supporting graduate students ev en in 
(This would count as ''support" all fellowships from federal state and 
Institutional sources^ all earnings from teaching and research assistantships^ alt 
earnings from non-academic sources^ earnings of spouses^ loans and family 
contributions.) Sq, all thingsconsidered# a sharp decline in federal fellowships has 
not meant a sharp decline in funds for the support of graduate students. I know 
that I sometimes tend to forget this# and perhaps others do too. 

Seconds it does appear that there has been enough additioijal money from 
v;irious sources to compensate for the decline in federal fellowships. Students are 
apparently willing to work more* to use savings to a greater degree and to borrow 
more in order to attend graduate school. Spouses may be working more. Parents 
must bo contributing more* thus shifting the pattern of finandnggraduate study 
ck)ser to the customary patterns for law and medical school. 

Within the small overall increased number of first^time graduate students 
over the past three years* there have been marked shifts by field* and we are in* 
debted to the National Board on Graduate Education for analyzing the figures." 
They have shown that there have been r^uct^^s in first-time enrollmelij jlTJ 
fields where careers are primarily academic and increases in fields where career 
j)rospects seem brighter— health professions, city planning* dentistry* medicine 
and law^ for example. 

First- time enrollment in the physical sciences was down by S.7 percent in the 
fall of 1972 as compared with 1971, while enrollment In education increased by 
S.S percent* humanities by 5.7 percent, social sciences by 4.7 percent and 
biological sciences by 7.1 percent. The continuing increases in enrollment in 
education probably reflect what can be called "defense credentialling"— getting a 
master's or doctor's degree to increase the chance of keeping a job when the 
market is soft. This phenomenon incidentally is one that further complicates 
forecasting. That is* under certain conditions* worsening of career prospects in a 
field may tend to increase rather than decrease graduate enrollment in the field. 

2. Ph.a Output 

Ph.D. output has been lowerin 1971, 1972 andl973 than most projectors ex- 
pected. With the exception of Allan Cartter* all of them have been high for 1973. 
This is somewhat remarkable because most of the students who received Ph.D. 
degrees were already in graduate school when the projections were made. 
Changes of academic goals and attrition did not follow historic patterns, a 
phenomenon to which I now turn. 



Actual and Projected Ph.D.'s Awarded* 1971-1973'^ 

(in thou^^fids) 

Comm. 
Human 

Year Actual Haggstrom (O U g.Q.E. N.5.F. Cartter Refloufc es 

1971 31,8 31.9 31 9 31,4 30.7 29.1 

i 1972 33.0 34 5 33.8 33.7 31.3 32.1 

1973 33.7 36.9 37 9 35.9 32.3 3S.5 



' ' NatLi>n;tl Board on Graduate Education* Doctorate Manpower Forecasts and Policy T«thn*tal 
Report No. 2 November 1^73. 
*i CCS'CRFB SurveV 
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3. Enrollment and Output 

Tobe^n with first-time graduate enrollmenthas proved difficult to forecast 
accurately. The most careful work is that of Ha88strom.Inl970^hepro)ectedthe 
following percentage increases from'the preceding year: 



Fall of High Medium ^ Low 

1971 11 S B 

1972 11 a S 

1973 9 8 7 

^s noted earlier^ the actual percentage changes have been as follows: 

Fall of AU Untvergitleg Private UnWcrgitteg 

1971 1.2'^ -1.2 

1972 ^ 2.T* -.9 

1973 3.5»* -2.7 



Thirds it appears that the lobanjdcareeroutlookhasbeenprimarily responsi- 
ble for first-time graduate enrollment to rise less than even the most conser- 
vative projections called for. I doubt that the decline in federal fellowship support 
had much to do with this adjustment. 

In any event, the market seems to be working, so far as enrollment is con- 
cerned. (One has to take into account the anomalous cdftlnuing rise In first- 
time graduate enrollment in education in the face of a dif.mal job outbok. Here^ 
however, the responseisarationaleresponseinthe specific education jt.^b market. 
Teachers are enrolling for graduate courses to enhance their credentials in what 
promises to be a highly competitive market.) 

The fact that total graduate enrollment— and first -time enrollment— are in- 
creasing slightly does not mean that the whole enterprise is in a steady state. 
There are in fact important trends not measured by total enrollment figures. 
Trends by field differ. In the past^ forecasters have tended to assume that the 
number of degrees granted is driven in a quite predictable way by graduate enroll- 
ment. For example^ one reads in some forecasts that the number of Ph.D. degrees 
to be awarded four to seven years in the future can be firmly predicted because 
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Actual from NRC Summary Report 1972. Doctorate Recipients. Forecasts from Wolfte and 
Kidd. Tht Futurt MarUei for Ph.D."* 5^)/wr Vol 173, 22 Aug. I97l. p. 7«S. 

Pt-lerson^ R* t.^ Am<*ricjn CoiJese and Untversity Enrollment Trends m 1971. Carnegie Com- 
mission on Higher Education (McCraw-HitL 1972), p- 10. 

'* Counc' of Graduate Schools— Graduate Record Examination ptxird surveys* 
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the students who will receive these degrees are already enrolled. Haggstrom m 
fact did this for the decade of the 60's.L^Hefouiid that/'Overall retention ratesat 
the graduate level have been relatively stable. . . . The proportion of entering 
graduate students who complete doctoral programs has been increasing slightly 
(1960-1969) but steadily with perhaps a levelling off for men during the last two 
years.'^The data show i that for the entire decade of the60's the numberof doc- 
toral degrees awarded varied only between 16 and 17 percent of the number of 
first-time graduate students 4 to 7 years before any given year. The comparable 
figure for women was 4 tcf 5 percent. For the combined group it hovered close to 
15 percent. 

However/ the ratio reacheda p£ak^o£l6.3 percent for 1970 and has declined 
itea'dily to 11.6 percent for 1973 (Table 3A). If the 15 percent ratio of the60's had 
held upt 43^500 Fh.D.'s rather than 33,700 would ha^e been awarded in 1973. 
Here we have another example of a ratio which held firm through the 1960's/ but 
which has changed substantially over the last three years. The reasons for the 
change are that many students are not firmly committed to seek a Ph.D. or a 
master's degree when they enroll for the first time as graduate students, and 
generally they do not formally declare their goal. Moreover/ th ose who enter ful- 
ly committed can change their minds in the course of study. In addition^ 
attrition — leaving without a degree— has to be taken Into account. Accordingly, 
the numbers and kinds of degrees to be awarded toa group of a given size of new- 
ly enrolled graduate students or to a total enrollment group of any given size can 
vary widely. This did not happen in the 60's but it has happened over the past 
three years. 

We are witnessing another market adjustment expressed as decisions to 
change degree aspirations or to remain in or to leave graduatei^tiool.^^ 



It might be, possible to forecast such changes with greater precision by such 
means as determining degree aspirations of first- time graduate students^ and by 
questioning students in the later years on their degree intentions or their inten- 
tion to remain in or to leave graduate school. 



From all of the trends noted above— levelling off ofgraduateenroUmentand 
Ph.D. production, and a reduction in the proportion of first-time graduate 
students who are bter granted Ph.D. degrees— the dangers of relying ou past 
trends and the penalty to be paid for ignoring market forces are evident. 

Firsts the self-correcting forces put in motion by projections thai correctly 
predict trends are not entirely dependent upon the precision of proje<jtions. in- 
deed, when projections are taken seriously^ fdrcesare put in motion that tend to 



H.ifigsirom. C W. The Growth of Graduate Education in the Posi-Sputnik Era. p, 50. Un- 
published paper cited in Wolfleand Ktdd. The Future Market for Ph D's. 'Su^m.- Vol 173^27AuguM 
l^^TI, p 7?3) 

Cain^G-D.^ Freem^ny R B . and H^nsen^ L W.* Labor Market Analysts and Technical Workers. 
Johns Hopkins Fress^ 1973. In this excellent report the authors note an additional factor that in- 
troduces ^ fajriy quick and marked supply response to market conditions— decisions of un- 
dergraduates to pursue graduate work— Uter reflected inch^nge^ m ^rst hme enrollment Theycjte 
ip.b$} the fj€l that only JLhirdohhcbachelorscbss^^ phy^ts majors m 1970 expected loeontinuem 
the fie|(L compared with 55 Percent in 1P67. 
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make them erroneous as pte^^icttons. Allen Cartteif has noted this phenomenon in 
more specific terms: "My projections of 1964 and 1965 that the academic labor 
marked would reverse itself in 1969 and 1970. - - could be called unsuccessful in 
the sense that few persons took them seriously, thus permitting them to become 
accurate predictions. Today. . . it is likely that projections indicating even more 
marked imbalances in the late 1970s and 19S0's will be atleast partially countered 
by adjustments in enrollment patterns.""* 



Tabl« 3A. 

Ph.D/s Awarded Compared with First-Time Enrollrnent )n 
Eariler Years 



(1) (2) 



Average 

First'Time Percent Ph.D.'s 

Enrollments Are of Earlier 

Ph.D.'s 4 to 7 years Firsi-Time 

. Year Awarded' Earlier Enrollment 



(000) <O00) % 

1^73 33.7 290 11.6 

1972 33.0 244 13.5 

1971 31.8 223 14.3 

1&70 2&.5 m 16.3 

1969 25.? 176 14.6 

1^ 2a.9 ISa . 15.1 

1907 20.4 132 ' 15.5 

1966 1^9 11^ 15.2 

1965 16.3 106 15.4 

1964 — 14.3 96 14.9 

1963 12.7 as 14.5 

1962 11.5 77 M4.9 



* MftC Sgmmafy flcpoft. 1972. OociOfal* ft*clprwt* (Preliminafy i9/3 l»9Uf» addftd). 

Finally^ the fact that projections have not been precise does not mean that 
they are useless or harmful. If projections are to be useful rather than harmful 
they must predict trends accurately but they need not be precise. If the current 
widely accepted projections of a continuing soft market for academic jobs are cor- 
rects they will be useful because they will stimulate corrective action even if the 
precise d(.gree of maladjustment is not accurate. If the general trend proves to 
have been misassessed, a lot of -harm will have been done. 

IV» Some Unre5olved ProbIem5 
in Projecting 

From the record to date, it is clear that there is ample room for improvement 
in forecasting, and this sectjon discusses some of the poorly resolved problems 
and some possible solutions. 



CorJon. M . op. cii 
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A. Projections and Predictions - A \ 
Prologue to Methodological Improvement 

Since the distinction between projections and predictions is interesting and 
has some implications for methodological developments, a few words on the 
nature of the distinction may be useful. 

Those who undertake to iook into the future to divine the supply of highly 
trained manpower generally distinguish between projections and predictions (or 
forecasts as Harold Goldstein has called them). Thus, Cartter has written that. 
"One should draw a careful distinction between projections and predictions; the 
former may illustrate the consequences of current trends and thus serve to alter 
the course qf events. In a meaningful sense, successful projections may turnout 
to be poor predictions of actual events. . . . Thus, all manpower projections 
should treated with great skepticism as predictions."*^ I have noted that. "To 
the extent that people believe manpower forecasts and act upon them, the 
forecasts are doomed to error unless those who make them predict the effects of 
theii^own forecasts. In the social sciences forecasts are not simply efforts to 
foretell what will happen; they can and do of ten influence the course of events.^^o 
Freeman and Breneman have noted that, "The hypothetical and provisional 
nature of the calculations Is invariably stressed/ often by distinguishing them as 
projections, not predictinns/ despite the effort in obtaining the 'best' parameter 
estimates a-id the extensive use of judgmental assumptions togive good results." 

The foreword to the latest N.S.F. projection, J969and J 930 Science and Engineer- 
ing Doctorak Supply and Utilization (p. iii) notes that, "It must/ of course/ always be un- 
derstood that projections are not prediclions. Projections are derived from statistical 
models based on trends and on awareness of current happenings. ThuS/ they 
produce a range of possible future situations based ondefinitive assumptions and 
no significant break in trends. Actual events may turn out to be different from 
some of these projections. ... It is Important that no false sense of precision be 
attributed to numerical values in view of the limitations of the data and 
methodologies, the complexity of the system and the unpredictability of future 
events.^' 

Yet Cartter notes that he has used his own judgment to modify projections 
that seem unreasonable, and the N.S.F, projection referred to above has this to 
say on an extremely critical point: ''In the case of nonacademic R&D positions, it 
has been assumed that doctorate absorption rates will be alternatively 10 percent 
and 20 percent higher than the doctorate- to- total-scientist ratio existing in the 
particular Ccitegory in 1969, Thts assumpiwn based on the conviction Uiat in the past the 
utilizatirA of doctorates was restricted by short supply/' (p, 15, Italics added.) 

Accordingly, the sharp distinction which weareurged tomake between pro- 
jections and predictions is in fact often blurred by the desire of the authors to 
avoid making projections which are obviously silly. It is further blurred by tech- 
niques vvhich taj^e market forces and future feedback into account. Nevertheless, 
the distinction Is sound in principle and the user of the product should know 
when projections are modified by the judgment of the author. This information 
is, in fact, generally provided. 



Kid J, C V , ffn) M^iny Sucriij^I^^ Brjianntc^J Yc.»rk>f>kf)f Stu-nce.nid ihcl uiuro, >**'3,p '125 
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B, Inadequate Measures of Quality 

A prominent characteristic of forecasts of supply for highly trained 
manpower— and of demand, too, for that matters-has been that they have paid 
little attention to quality— to the quality of instruction, research or of the Ph.D/s 
themselves. Attention has been centered on simple numbers— first-time enroll- 
ment, total enrollments degrees awarded, and so forth. 'Even when data are 
collected and analyzed by field, the question ofquality is generally ignored. This is 
obviously a difficult problem for which there will be no satisfactoiy answer for 
the foreseeable future. 

However, one crude approach is possible. That is to assume that the quality 
of institutions or departments can be measured, anJ that on the whole the quality 
of the institution ts related to the quality of those who are awarded degrees. This 
IS obviously a shaky set of assumptions, but it is probably better to explore the 
possibility of taking quality into account than to ignore the problem. 

C inadequate Projections by Field and Disci[dine 

In various fields the factors affecting both supply and demand differ, and 
even when these factors are the same they have different effects on various 
fields. Accordingly, gross forecasts of total Ph.D.^s awarded do not necessarily in- 
dicate what will happen in specific disciplines or areas of study. This (together 
^ with the natural interest of counsellors, planners, faculty members, students at 
all levelsr employees and employers in industry and professional associations) has 
led to the well known movement to produce supply and demand forecasts by dis- 
cipline and by area. It seems inevitable that the need for such detailed data will in- 
crease, and that increasing efforts will be exerted to produce detailed forecasts. 
The results to date are spotty. The professional associations are a logical source of 
forecasts, but many of them have neither the resources nor the interest required 
for acompetent job. A few— most notably chemistry and physics— have produced 
sophisticated analyses. Further stimulation of studies of forecasting and of 
production of forecasts in specific fields is clearly indicated. However, some of the 
limits to the utility of forecasts by discipline or fields should be mentioned. The 
narrower the fields covered, the greater the problem of substitutability. When 
training or skills in one specialty are adequate to permit a person to work irt 
another relative demand by field can cause large shifts in effective supply. Here 
the problems of measuring supply and demand merge. The fact that demand in 
precisely defined fields is even more difficult to forecast than overall demand 
complicates the problem of measuring supply. Another way of stating this 
problem is that the number of those with their first training in a given specialty is 
an inadequate measure of the supply of persons capable of working in that 
specialty. The further into the future that forecasts are made, the greater the 
barriers to mea'^uring supply in narrowly defined specialties. This problem is like- 
ly to become more .complicated if graduate education becomes, as it should, 
capable of educating people forchangeand of equipping them to shift over a fairly 
wide range of job fpecialties. Moreover, to the extent that current thoughts 
about the rapid technological obsolescence of specialties and the need for retrain- 
ing are translated into action. Fhe greater will be the task of defining the supply of 
persons trained in narrow specialties. 

A further complexity in forecasting by precise field is generated by the fact 
that every field is affected by gross factors common to all fields. For example, 
demographic trends and the rate of growth in C.N. P. and trends in federal finan- 
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cing of R&D and graduate education are powerful underlying factors that in- 
fluence both global forecasts and forecasts by field. Unless common assumptions 
. as to these underlying factors are accepted, the forecasts by specific field can not 
be usefully compared^ and they are obviously not additive. 

Oespite the conceptual methodological and practical problems in forecasting 
by discipline^ more work should be done. It is not possible to know the limits of 
projecting by sector until the limits are tested^and the process of working on pro- 
jections in itself raises questions significant to individual disciplines. 

D. Inadequate Concepts of Underemployment 

A recent Carnegie Commission report states this consensus: "It is not an- 
ticipated that there will be prolonged and widespread unemployment of Ph.D.'s. 
Rather we can expect a situation in which holders of doctorates will be forced to 
accept positions that would have been considered unsuitable in the past.'"^' Since 
we face this situation, it seems to me that a prime area of inquiry is the definition 
and measurement of unemployment. This obviously presents issues of values 
that have to 1?e sorted out. Is a happy and inspiring teacher of physics in a 
community college who has a Ph.D. in physics from a major university 
.underemployed? is the president of a bank who has a Ph.D. in the classics 
underemployed? Is underemployment, whatever it is, a condition necessary to 
accommodate to inevitable periods of imbalance between demand and supply.? 

If projections purport to tell how many Ph.D.'s will be "needed"— either in 
terms of effective demand or in terms of numbers required if some defined social 
or economic goal is to be met— then the characteristics of employment that are to 
be considered as a legitimate part' of the need must be defined, in other words do 
you "require" a Ph.D. who is teaching in elementary school? 

Since there will in all probability be extensive underemployment among 
Ph.D. s in many disciplines, and since the nature of employment is a legitimate 
parameter m defining demands a cleardefinition of underemployment is needed. 

One of the central problems of' projection, and indeed of current labor 
market analysts, is to establish generally acceptable concepts of underemploy- 
ment. Otherwise /'underemployment'' may be a rug under which any amount of 
forecasting rubbish may be swept. 

The problem is to decide the criteria by which underemployment is to be 
defined, and to attach quantities tothe criteria so that the underemployed maybe 
counted. A number of criteri<i could be used^ separately or in combination. 

Income is one criterion. Abiochemistwhoearns below $5,000 per year, for ex- 
ample, is probably underemployed even if he works as a biochemist. But is a 
chemist who is a bank president underemployed or not? By the income criterion 
he is not. By the use of skill criterion he may be. 
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Social produciivily is another ciitenonr but a slippery one. A Ph.D. in physics 
who teaches in a community college may be considered as contributing in an im- 
portant way to society^ and as using his advanced training to advantage. He would 
be considered as not being underemployed even though he does not conduct 
research and $ven though his earned income is low relative to-university 
teachers. On the other hand the apocryphal taxi driver with a Ph.D. would 
probably be considered as underempbyed, even though the classification would 
seem to deny social utility to taxi driving. 

Reasonably full ttst of maximum skills is another criterion. This is different from 
the social productivity of a given kind of work. If this criterion were used abne to 
measure underemployment both the Ph.D. bank president and the Ph.D. com- 
munity college teacher would be counted as underempbyed. But would a vice 
president or a president of a university who has a Ph.D. be considered as un- 
deremployed. Probably not. but it might depend on who is doing the classifying. 

Since it may be impossible to frame and apply a satisfactory definition of un- 
deremployment the way out of the difficulty may be simply to secure better data 
on the characteristics of the employment of Ph.D. 's— in terms of income, type of 
employer^ skills currently used and so forth. This information could then be used 
as one way to assess the state of the labor market without using it to count the 
"underemployed." 



£. Inadequate Attention to Market Forces 

Once again 1 wander from my assigned sphere to deal with demand as well as 
supply by considering market forces in connectbn with projections. \ rationalize 
this by considering the question of market forces to be such a significant question 
that no overview of the problems of projecting can be satisfactory if this question 
is excluded. 

A more or less intuitive feelingthat something was missing from fixed factor 
projections has led tothe addition of judgmcntaT'corrections.'' What was missing 
was a satisfactory set of measures for the effect of the market on the supply ^nd 
demand for highly trained manpower.- In the early 60's Blank and Stigler studied 
the interrelationships among changes in salaries and the supply of and demand 
for scientists in an effort to define "shortage" and "surplus*" in terms of relative 
wages. However, not until Richard Freeman wrote Tht Marktl for ColUgt Trained 
ManpQWtr, A Study in tltt Ecommits of Carter Choict in 1971 was there further serious 
work on the interrelationships among supply, demand, career choices and salaries 
of highly trained persons. 

Economic analysis in terms of the interrelationships between price changes 
and demand and supply^ and in terms of the responses of individuals to perceived 
career opportunities and incomes, raises serious questions with respect to the 
adequacy of projections b.sed fundamentally upon the extrapolation of such 
ratios as 
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employment to outputs student faculty ratios^ and R&D expenditures per scien- 
tist. Projections based uponratiosdonot take intoaccount a wide array of market 
forces. These include the responses of individuals to perceived changes in 
^ prospects for satisfactory careers and in life*>time incomes as evidenced in the 

decisions to attend graduate school to continue in grarduate school to undertake 
given lines of study^ to select given areas of employments and to change areas of 
employment in response to changes in relative income and job opportunities. 
They do not take into account the decisions of employers to hire more or fewer 
highly trained persons as earnings levels rise or decline relative to other costs. 
They do not envisage the possibility of substituting machines for people, or vice 
versa, as relative costs shift. 

The market forces also include shifts in wages and prices as supply and de- 
mand relationships change. Freeman has shown that there were indeed shifts in 
relative earnings among occupational groups— including academic scientists— 
during the period of sharply rising demand during the 60's. There was a marked 
rise in the relative wages of faculty members^ and particularly natural scientists 
and medical faculty during the 60's. 

In the cont<!Xt of this approach^ the very concepts of ''shortage" ind "surplus" 
of highly trained manpower become inadequate and misleading because the 
terms shift the center of attention from the nature of the adjustments that can 
bring about equilibrium. 

Based on experience and on analysii^ the central point to be derived from 
consideration of market forces is that they will almost invariably tend to 
moderate any degree of disequilibrium foreseen by projections. Put simply^ if 
there is an excess of demand over supply^ market forces^ exerted primarily 
through relative changes in eari ings among different groups and by ch^inges in 
[personal and institutional decisions^ will tend to moderate demand and to 
stimulate supply. 

The interrelationships are* of course, far from being so simple. The lag 
between the time of student decisions to begin training and the time when they 
have completed training is a complicating factor. Another complicating factor is 
that there is a large non*>economic element in many career decisions—as, forex** 
ample, decisions to enter a school of divinity. Economic responses are sometimes 
unusual as when a decline in the outlook for jobs leads to maintenance of 
graduate enrollment. Governmental decisions are important, largely unpredic- 
table and often properly based on social and political rather than economic com 
siderations. The kinds and extent of responses that would characterize a perfect 
market rarely exist in the market for highly trained manpower. Such factors as 
tenure, fixed saliiry schedules^ controls over access to training and jobs, the in- 
fluence of high fixed costs and joint cost problems all combine to produce sluggish 
and sometimes unpredictable results. Transferability of skills and shifts of oc^ 
cupation complicate the picture. Finally, there are large gaps in the data required 
for analysis of market forces. Nevertheless* the general consequence of taking 
market forces into account will be to project a closer approach toequilibriumthan 
will result from the extrapolation of ratios. 

Even though the problems involved in market analyses are complex, and 
perhaps partially unsolvable^ certainly intensive research in this area should be a 
major part of efforts to improve projections. In this connection^ Freeman and 
Breneman have described the potential gains from the market approach and 
proposed a research program \nFoma^lm$ihfPkD- Labor Market. Ptlfalh for Policy. (A 
Working Paper for the National Board on Graduate Education. November 16, 
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1973.) They specifically suggest the construction of a model which would take 
into account six kinds of responsesi v^ich I have elaborated somewhatr to ^ 
changing doctorate labor market : (l) student choices of fields of study and initial 
job decisions, (2) decisions of experienced persons, (3) employer hiring, firings 
promotion and retirement policies, (4) salary determination, (5) responses by u- 
niversities in terms of decisions relating to faculty (hiringi promotioni ret.>'^^ 
ment) and students (enrollment, support) and (6) governmental initiatives and 
responses. The usefulness of models built'around these factors can, within the 
limits set by the availability of datai be tested retrospectively. 

Inconclusioniitseems tome that one of the most significant developments in 
projecting the supply or and demand for high level manpower has been the in- 
creasing attention paid to market forces and that extension of this work is as im- 
portant as any line of endeavor in improving projections. 
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4. Changes in Nationai Priorities^ 
Manpower Projection Techniques^ 
and Requirements for Scientists and Engineers 

Because Dr. Lecki's oral presenlaHon follow^ his formal paper quikdosel}f. onltf his paper is 
duded in these proceedings. Lead discussants were W. T. Hamilton. Boeing Aerospace Compan}^. 
and Ralph K. Huitl Hatwnal AssociaHon of St^te Universifies and land Grant Colleges. 

Leonard A* Lecht 

Director of Priority Analysis 

National Planning Association, Washington, D.C.* 

h 

An analysis of the impact of changes in national priorities for the utilization 
of scientists and engineers raises many questions concerning the uses and 
limitations of manpower projections, as well as indications of opportunities for 
their improvement. This paper proposes to assess the role of shifts in national 
priorities as one of the major sources for the discontinuous changes in demand 
that have outmoded many of the projections of requirements for scientists and 
engineers made in the past ten or fifteen years. 

An appraisal of projections brings to mind an aphorism attributed to the 
American philosopher. Whitehead, that runs something like this: "Seek simplici- 
ty, but mistrust tt." I would rephrase Whitehead's statement to read: "Seek man- 
power projections, but use them with caution." Manpower projections can be 
useful to government agencies, to industry, to educational groups, and to in- 
dividuals making coree^choi'^es becat.se they help to reduce uncertainty. FVojec- 
tions can help provide a ba^is for choosing among the available options by in- 
dicating the implications of ajternaf ve developments, for example, an increase or^ 
a decrease in defense spending: ^: in Federal support for fellowship programs in 
aeronautical engineering. K^wever. projections are not the same thing as predic- 
tions. While individ(':i! projections based on continuing relationships frofp the 
past will often b' oorne out. for example, the size of the labor force in it is 
apparent t^ .k the social sciences are many light-years away from being able to 
make sustained quantitative predictions for a five- or ten-year period. Th's is true 
of manpower projections as it is also true of projections of birthrates or of the 
fluctuations in stock prices. 

Many organization^ and individuals have been concerned with the study of 
one or another of the forces that influence the utilization of scientists an<J 
engineers. Economists, such as Hugh Folk ' or Richard Freeman.^ have attempted 
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todevise models of the labor market to assess the relationship between the supply 
of scientists and engineers, their earnings, and the demand for their services. The 
Department of Labor's Bureau of Labor Statistics has estimated future re- 
quirements for manpower^ scientific and otherwise, by making use of the input- 
outputanalysis to projectemptoyment requirements in different industries based 
on assumed rates of growth in GNP and changes in the composition of the 
economy's output.^ Others have attempted to develop techniques for an- 
ticipating the utilization of scientists and engineers in research and development 
derived from what are regarded as reasonable estimatesrof future research and 
development outlays and changes in operating expenditures— "performer 
costs"— per R&D scientist or engineer.^ 

Present research ..nniques, such as the input-output analysis, have made 
significant advances over the earlier projections techniques. They have made it 
possible, for example, to estimate the "indirect" demand for scientists and 
engineers generated by the chain of purchases and sales in the industries supply- 
ing goods and services to the firms producing theend products. These techniques 
can prove highly useful once the demand for the goods and services^ including 
research and development services, is known or can be regarded as given. There 
have been substantially fewer advances in explaining why the la rge^-scale changes 
in demand for scientists and engineers have taken place and where the changes 
come from. This has been especially true in accounting for the role of govern- 
ment, the course of many of the discontinuous changes in requirements for scien- 
tific manpower in the past fifteen years. 

Insight into the Federal government's role in the shifts in demand for scien- 
tists and engineers can be obtained by an examination of the role of the federally 
funded R&D in the overall changes in research and development outlays in the 
1960-1971 period. This relationship is summarized in Table 4.1: 

Table 4,1 

The Federal Governmenfs Role in Changes in R&D Expenditures^ 

1960-1971' 



[m mrllions of dollars) 



Type 0\ R&D 


Changes m Outlays Between. 


196C & 1966 


1966 & 1969 


1969 & 1971 


TolalR&O 


$8,536 


$3,913 


$671 


Fedorall/ Funded R&O 


5.240 


921 


143 




40 


1.671 


-itOSl 


Space R&D 


4.495 


-2*015 


210 




3.296 


2.992 


814 



* Def»v«d tfom National S<:fenw Foumjaiion ^FJ^^o^ffi patttms ftSD f^soufcos fun<^^ Manpower tn ttio 
UfMed^tm^ ^72 nSf 7^300 1*71 Tables B*6 B*9 pp 32-^ 
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Increases in the federally funded R&D were the source of approximately 
five-eighths of the overall increase in research and development spending in the 
1960-1966 period. iVIore than five-sixths of the growth in Federal outlays in this 
period — 86-percent — stemmed'from one program^ the space program. The in- 
crease in Federal spending for the space program was the major single cause of 
the concern with "shortages^ of scientists and engineers about 1963 or 1964. 

The research cutbacks after 1966 were set in motion by a $Z billion decrease 
in Federal outlays for the space program between 1966 and 1969 followed by a 
decline of about half that amount in defense-related research a~nd development 
between 1969 and 1971. Because of these cutbacks, federally financed R&D* after 
adjusting for price increase^declinedatanannualrate of 4 percent a year between 
its 1967 peak and 1971.* The severity of the decline in the Federal government's 
R&D outlays for the space and defense programs was mitigated by large increases 
in non-federally financed research and development expenditures in the last 
years of the decade and by modest absolute but large percentage increases in 
Federal R&D spending for civilian sector programs. The effects of the decreases 
in the Federal government's R&D spending coupled with cutbacks in defense ex- 
penditures for other purposes show up in the increase in unemployment and the 
concern with underemployment for scientists and engineers in the early 1970's 
for the first time in well over a decade. They were also evident in the decline in 
enrollments in college programs in engineering. 

Changes in national priorities as they are reflected in government programs 
in healthy pollution abatement- energy resource developments urban redevelop- 
ment and other areas pan have consequences similar to those that took place 
because of the shifts in R&D expenditures. In effects the activities undertaken to 
implement national priorities set up a series of demands for manpower at 
different levels of skill and occupational specialization in the public sector and^ 
frequently even more so^ in the private sector of the economy. The effects of the 
greater emphasis on health goals in the past decade illustrated by the enactment 
of iVledicareand iVledicaidjandalso by the expansion of employer-financed health 
insurance, offer anothe'^ instance of the significance of assigning a high priority 
to particular goals for manpower demand and supply. 

Projections that seek to account for the anticipated consequences of the pur- 
suit of national goals for scientific manpower utilization in the next five or ten 
years refer to social rather than to market demand. Yet in a society in which 
priorities and expenditures often undergo markedchanges in response to emerg- 
ing problem^and opportunities^ manyof the unmet social demands of the present 
are likely to become translated into market demands for manpower^ including 
scientists and engineers^ in the next decade. Employment projections that 
attempt to take these aspirations into accoUn^ can often provide a basis for an- 
ticipating future changes jnjob opportunities and manpower needs that would be 
lacking in extrapolations reflectinj; the Nations current priorities and expend- 
iture patterns. 

II. 

Changes in national priorities in the United States are typlcally.although far 
from exclusively, manifested in changes in legislation and in government 
programs and budgets. These changes influence the utilization of manpower 
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because of their consequences for employment within governments or the 
employment created in the private economy by government purchases from in- 
dustryi or by the adoption of standards based on legislation which affect re- 
quirements for scientists and engineers in the private sector. 

A pilot study recently completed by the authoJ and others for the National 
Science Foundation assess^r^he significance of changes in the government's 
standards and regulations for the utilization of scientists and engineers In one 
important priority area^the abatement of air and water pollution and solid waste 
disposal.^ The study illustrates an impoictant instance drawn from a laiige group 
of activities in which national priorities are largely implemented by the 
introduction of standards leading to greater expenditures in the private sector. 
Automobile safety, efforts toestablisha"miles per gallon"standard to economize 
on the use of gasoline, or airport nois^ control are othpr instances. 

More than nine-tenths of the outlays for air pollution control in the t970's, 
for example, are expected to represent private sector expenditures for such pur- 
poses as adding catalytic converters to automobiles or scrubbers to remove 
effluents from stack gases in Industrial plants." About two-thirds of thespending 
for solid waste disposal and something over one-third of the expenditures for 
water pollution control in the next decade will stem largely from the adoption of 
more severe regulatory standards msuch legislation as the Clean Air Act and the 
Water Pbllution Control Act. 

To simplify data problems in a relatively modest pilot study, theexpenditures 
for pollution abatement that generate the reouirements for scientists and 
engineers pertain to five industries that are estimated to currently account for 
roughly 80 percent of the ain water, and solid waste pollution emanating from 
th^ manufacturing sector of the ec momy. They are the food, paper, chemkals, 
primary metals, and petroleum refining industries. The projections refer to two 
different scenarios illustrating differences in the prioritiesassigned to the control 
of pollution. One is a Present Pblicy scenario indicating the increases m scientific 
manpower requirements expected tocome about as the standards in the pollution 
abatement legislation adopted through mid-t972 go into effect in the next 
decade. The Clean Air Act of 1970 or the Water Pollution Control Act with 
amendments, other than the t972 amendments, are instances. The other, tlie En- 
vironmental Coals scenario, presupposes an extension to air pollution and solid 
waste discharges of the goal in the t972 amendments to the Water Pbltution Con- 
trol Act of seeking to approach 100 percent abaterr.ent of most types of pollution 
by the mid"t980's. Weighting the levels of pollution abatement projected for the 
different types of pollutants by the estimated physical volume of each, the Pres- 
ent Policy scenario implies an approximately 65 percent efficiency in pollution 
abatement by the mid- 19dO's as compared to the90 percent implied by the higher 
priority in the Environmental Coals alternative. 

Thp differences in manpower requirements in the alternative scenaric* cone 
about because of the differences in the expenditures they specify for plant a. d 
equipment, operations and mamtenance, and reseai .h and development toce,;e 
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with pollution. These outlays are sumimari^ed for the two scenarios inTable4.2. 
The estimates in Table 4.2 refer to-the increases in expenditures anticipated in the 
two scenarios in 1980 beyond those projected. to occur because of growth in 
output in the five industries if the minimum levels of pollution abatement in 
effect in the late 196Q's were continued through the next decade. 



Table 4.2 

Projected Increases in Expenditures for Pollution Abatement In 19S0, 
Alternative Abatement Scenarios^ 

[in billions of 1963 dollars) 





Present Policy 


Environmental 


Type ol Expenditure 


Scenario 


Goals Scenario 




$32.3 


$53,5 




1.1 


1.8 


Operations and Maintenance .-. . 


8.7 


14.1 


Total 


42.1 





tt\9 imp^t of Ctt^ngM tn N^ttoutt Ptionti^ for th9 



The major differences in the expenditure totals for the two scenarios are 
those listed for plant and equipment and/ to a lesser extent/ to operate and main- 
tain the pollution control facilities. The massive plant and equipment outlays in- 
clude many expenditures for otherwise desirable stems of equipment that have 
the side effect of producing fewer pollutants. Only the relatively minor "force ac- 
count'^ construction part of the capital outlays, about 5 percent of the total 
generates employrr^ent within the five industries. The projectionS/other than for 
research and development, are based on engineering estimat**s prepared for the 
U.S. Department of Labor of the capital outlays and maintenance expenditures 
required to reach different levels of efficiency \a reducing pollution in the in- 
dLiSlries considered.^ 

The manpower figures listed for the pollution control scenarios show the an- 
ticipated increase in "direct" requirements for scientists and engineers *n the five 
industries because ofthe greater expenditures for pollution control. They also in- 
clude the indirect "second round'' requirements in other industries that sell goods 
and services used in pollution abatement activities in these industries. The projec- 
tions for 1980 are summarized in Table 4.3.. 

The projections suggest that the recently ^di.pted standards for pollution 
abatement, other than the 1972 Water Act dmendmenfs^ would increase re- 
quirements for scientists and engineers by an esti*Tiatp^ 91,000 in 1980, and by 
over 165/000 if the more stringent standar4l|^n tre 1972 amendments were 
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generalized to include the other types of pollutants. Three-fourths or more of the 
employment increases would be made up of engineers. The indirect requirements 
in the supplying industries are estimated to exceed the projected fiirect re* 
quirements for engineers by a margin of 2.4 to 1 or greater. The bulk of the in- 
crease for scientists is expected to take place within the fh/e manufacturing in* 
dustries. The massive indirect employment listed for engineers in the "second 
round" industries is largely attributable to'purchases of plant and equipment. 
Operations and maintenance, and research and development outlays are of about 
equivalent weight as the source of the employment increases for scientists. Th^ 
study also shows that chemists predominate heavily in the requirements for 
scientists while chemical engineers make up the largest, but far from predomi* 
nant, category of engineers. The "meihcMJology by which the projections were 
derived, together with the estimates of employment requirements by oc- 
cupational specialization wfthin science and engineering and byindudtry^aredis* 
cussed in detail in the repo.^'t on the study. 



Table 4.3. 

Estimated Increases in Direct Requirements and Indirect 
Requirements for Scientific Manpower, Alternative 
Pollution Abatement Scenarios, 1980< 







Projected Requirements ir^ 1380 




Present Poticy Scenario 


Environmental Goals Scenario 


Category 


Direct 


tnctirect 


Total 


Direct 


Indirect , Total 


Scientists 

Engineers 

Total 


14.2$8 
19.787 
34,085 


6.789 
50.516 
57;305 


21.087 
70,303 
91.300 


30.445 
35.639 
66.084 


11.610 42^55 
87.965 123,604 
99.575 165,659 



The techniques by which these and similar projections are prepared essen* 
tially involve the derivation of four types of measures, one is a projection of the 
annual flow of output in the industries considered^ a flow usually represented in 
constant dollar terms. A second is a series of historical manpower coefficients 
translating the expenditures for the output of individual industries into mat^* 
years of employment. A third^are estimates of productivity changes by industry 
over the time period covered by the projections to allow for the influence of 
technical advanct^, increase in capital stock per workers, or of the higher 
educational level and skiltsof the work force on manpower input requirements. A 
fourth is an occupational distribution measure to distribute the total man power 
requirement into employment levels by occupation. A fifth measure which is fre- 
quently used toe jnvert employment levelsivtto job openings consists of indices cjf 
Attrition rates by age and sex in each occupation to allow for losses because of 
death;, retirements, and other withdrawals from the labor force. 



III. 

Researchers and decision-makers seeking to prepare or to appraise man- 
power projections are presented with a series of problems. Many of these are m- 
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herent in the techniques used to translate dollar purchases into manpower re- 
quirements/ sufh as the input-outputanalysis.The techniques typically assume a 
constant technology over time, or, the changes in technobgy can be an- 
ticipated, primaniy because they are expected to represent an extension of 
technology that is already available, aMeast in the development stage. The projec- 
tions/ as in the pollution abatement scenarios, refer to increments of expenditure 
and manpower, and the assumption generally made in the projections is that 
the industrial and occupational composition of the increment follows that of the 
total to which the increment pertains. The priorities and the standards that are 
currently expected to provide "surprise free" scenarios for the'next decade are 
subjertto change in response both to developments in the national economy and 
in the Importance attached to other goals. For instance, the priority now being 
given to conserving existing energy resources and developing new ones 
represents a "surprise" that would have been difficult to anticipate in the climate 
of opinion three or four years ago. 

Manpower projections derived from estimates of expenditures for different 
types of economic activity generally do not allow for the feedback effects of the 
expenditures, effects that often offset one another such as the consequences'of 
implementing the pollution control measures considered for costs, prices/and 
output in the industries affected, or in hastening the introduction of new 
technology. The Council on Environmental Quality, in its 1972 report, suggests 
some of what have been widely regarded as the likely c6nsequences of the pollu- 
tion control standards adopted in the early 197(ys. The report summarizes a sur- 
vey of some 12/000 plants in eleven industries affected by the pollution controls 
in then existing ligislatibn" Th^ survey indic<ited that 200 to 300 plants 
would be forced to close down b^ jse of the pollution abatement regulations. 
Prices for the output of tliese industries were estimated to increase from zero to 
ten percent in the four-year period supplying the focus for the study/ 1972 to 
1976, The direct job loss resulting from the environmental regulations in these 
industries was projected to range between 50^000 and 125,000over the four-year 
period, or from 1 to 4 percent of their anticipated employment level. 

Over short time periods, say lebS than five years, it would be reasonable to 
<issume. ds in the Council's report, th^l the cost-price impacts would make for a 
decre<ise in overall m<inpower requirements. Over longer time period;; the 
expectJilion of a significant redaction in requirements for these re<isons 
overlooks several considerations. The expectation that cost-price impacts will 
predominate presupposes a static economy in which few things change other 
than the pollution reguUitiuns.and that the effects of introducing these measures 
then work themselves out through the economic system. In a dynamic economy 
such as our own the prospect of a large increase in operating cosis because of 
pollution control measures would serve as a powerful incentive to accelerate the 
introduction of new technologies, or the more general use of technical advances 
thai havebeen available before, xvhich were more efficient in abo' ng pollution. In 
the production of iron and steel, tocitean instance, the pelletizing process used in 
producmg jron ore and the continuous casting processes for prcducmg steel are 
expected toconieintoe\"eryday use by 1^80. in part because their arrVal would be 
speeded up due to their lesser propensity and add to air and water pollution. In 
petroleum rcfinin^r envn tinmenlaictms^derations arehkely to entourage a shift 
to hydrogen rcfniinf!. a hhiH hastened because this j-ruceb^ gives off almost no 
Ccirbon monoxide. nitn>^cn oxidc*«. (^r partiUElates. The extent to which the 
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technological advances will succeed in offsetting the cost increases otherwise 
likely to arise from the adoption of more stringent pollution abatement standards 
five or ten years from now is a question of judgment. 

Similarly, the indirect effects of measures, such as the pollution control reg- 
ulations on growth and output manpower requirements are often obscure. The 
judgment in the Council's report is that implementing the standards adopted in 
the early 1970's would reduce the pace of GNP growth bya modest amount, from 
the 5.2 percent a year initially assumed in the economic framework for the 
Council's study to 4.9 percent^** However, this judgment abstracts from a number 
of elements which could offset, if not reverse, the GNP decline or its anticipated 
manpower impacts. The multiplier effect&^f the capital outlays in increasing 
economic activity and employment are*one consideration. As the persons 
employed in producing the additional plant and equipment required for pollution 
abatement spend mostof the incomes they earn for consumer goods and services, 
output and employment would rise in many industries. These increases could be 
offset by reductions in output and em^rloyment as costs rose in many of the 
industries affected by the pollution control regulations. However the firms 
engaged in abating pollution would require additional resources for this activity, 
resources v/hich frequently included significantly greater requirements for 
scientists and engineers. Thisjcinfi of decrease in physical output, or the slowing 
down of its growth, need not lessen the demand for scientists and engineers, and 
it might often increase it. 

The significance of the requirements listed ior scientists and engineers for 
polltition abatemejit can be appraised by comparing the projected increase with 
the economy-wide utilization of scientific tiianr^wer in 1980. The Department of 
Labor's projections of the economy-wide titi/ization in the same year provide a 
benchmark for comparison. Since these estimates predate the more stringent 
pollution control measures adopted ir the early 1970's, they presuppose a 
minimal reduction in the inventory of pollutants. Accordingly, the Department 
of Labor's projections could jnot be e> pected to allow for the effects of rapid 
growth in demand for scientific manpower in the fields related to pollution abate- 
ment for the supply of scientists and engineers. A high priority for pollution con- 
trol would increase salaries and opportunities for advancement tor persons work- 
ing in this field. As opportunities increased, scientists and engineers from more 
slowly growing fields such as college teaching would be attracted to pollution 
abatemert. Over time, a conttnuatioa of this type of priority would lead to 
greater enrolments in technic^j^subject^j concerned with pollution, enlarge the 
supply of scientific man power/ rest rair the tmreases in salariesy and add to the 
cconomy-vvidc utilization of scientists and engineers. The magnitude of these 
changes can be illustrated by the. judgment that half of the increase in re- 
quirements for bite «ittficmanpo\v£fr forpolltition control becomes translated into 
a greater supply of scientists and engineers. This adjustment, or even a larger 
oney would make foi only mod&st changes in the Department of Labor's es- 
timat^?6, chariges of under 5 pe^-cent. The relationship between the additional 
scientific manpower requirements 5or pollution abatement and the economy- 
wide utilization anticipated on this ba-:is is summarized in Table 4.4: 
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Table 4.4 

Addlllonal Requirements for Sclenllffc Manpower Resulting from 
PoliuUon Abatement Priorities as Percentages of tlie 
Projected Economy-Wide Utilization In 1930 



Additional 
Requirements 



Additional ReQuire- 
ments as Percent ot 
£conomy-Wide 
Utilization 





Estfmated 




Environ- 




Environ- 




Economy-Wrde 


Present 


mental 


Present 


mental 




UtiEixation 


Policy 


Goals 


Policy 


Goals 


Category 


Jn 1980^ 


Scenario 


Scenario 


Scenario 


Scenario 


Scientists — 


514.542 


21.085 


42.055 


4.1% 


e.3% 


Engineers .. 


1,533,151 


70,303 


123.604 


4.6 


7.9 


Total 


2,017,684 


91.388 




4.5 


8.0 



The estimates in Table 4.4 suggest that a h(gh priority f6r' pollution aHate- 
ment, as in the Environmental Go^sls scenario, would involve a growth in re- 
quirements for scientific manpov^ei amounting to about 8 percent of the pro- 
jected economy-v^ide utilizatioii in 1980. Continuation of the standards adopted 
in the early 1970's is expected to entail an incre^^se of betv^eea 4 and 5 Tjercent. 
These global estimates imply that a high priority for poHutton abatement would 
be unlikely to bung about the bottlenecks for technical manpower lined with the 
space program in the early 1960's. Howe 'er the percentages refer to overall re- 
quirements without regard to the industries involved or the occupational 
specializations. Adoption of the standards in the Present Policy scenario, for ex- 
ample, is estimated to add an eighth to the industry-wide utilization of scientists 
and engineers in the chemicals industry in 1*^80. The global projections, 
therefore, will frequently have limited relevance as a basis for policy. 

Problems of feedback effects and countervailing offsets also occur in projet- 
tions of requirements for scientific manpower by level of educational attainment. 
It would be desirable for educators and others toknov/ how many openings were 
anticipated in 1980 for Ph.D.'s in chemistry because of the pollution abatement 
measures, or for graduate chemical and electronic engineers, or for persons with 
bachelor's degrees in physics. The problem with -hese projections is that they 
typically imply a one-to-one relationship between level of educational attainment 
in specific occupational specializations and jobs. In some instances, as in projec- 
tions of quirements for Ph.D. 'sin the sciences to f each in four-year colleges and 
graduate schools^ customary tenure requirements as well as historical student- 
teacher ratios provide an ek>ment of stability fo the estimates. In most areas, 
however, engineers and scientists of different levels of educational attainmeiit, 
or. for that matter, engineers^ scientists^and technicians/ are toa considerable ex- 
tent substitutes for one another. In periods when highly trained professional 
manpower is in short supply/ educational requirements come to be lowered. 
Technicians take Over many of the more routine tasks formerly performed by 
scientists and engineers, and B.S. engineers substitute for persons wi'^h more ad- 
vanced professional training. In ^ycnoji of glut in the scientific manpower 
market, persons with.advancec' degrees, including Ph.D.'S/ may fretjuently find 
themselves in |obs and at earning levels previously regarded as unsuitable. Pro- 
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jecting requirements by level of educational attainment involves, a serie"^ of 
judgments, expressed or implied, above the overall labor market prospects for 
scientific manpower in industry, government, and in college teaching. 

This recital of the problems involved in devising more adequate manpower 
projections stresses their limitations as predictions while recognizing an impor- 
tant role for their use. Frequently, as in the case of the pollution abatement es- 
timates, the projections essentially illustrate a hypothesis. The hypothesis in the 
ins^ ^nce cited is that the priorities assigned to the pursuit of goals, such as the 
control of pollution, can make a significant difference for the utilization of 
scientists and engineers. The findings are consistent with this hypothesis, 
allowing for a wide range of feedback effects and market adjustments. 
Differences in these wide range of feedback effects and market adjustments. 
Differences in these effects, like differences in the priorities given to pollution 
control, could make fo* a greater or a lesser change in iht estimates of 
requirements for scientific manpower. In this sense, the projections represent 
points on a scale which could be shifted upwardsor downwards as the substantive 
assumptions in the underlying scenarios were changed. 

The changes in national priorities which become translated into government 
programs constitute parameters that contribute to defining the demand that is 
registered in the scientific manpower labor market at any particular time. The 
changes in priorities and programs are themselves "exogenous" to the market 
system in the sense that they riginate outside of it and are responsive to 
different forces. Accordingly, an understanding of the relationship between 
shifts in national priorities and scientific manpower requirements involves con- 
siderations that extend beyond the familiar explanations in terms of supply, de- 
mand, and price. 

There have been substantial advances in recent years in explaining changes 
in the supply and demand for scientists and engineers in terms of rates of return 
on investments in education, career choices, relative earnings, and similar fac- 
tors. There have been fewer advances in explaining where the demand comes 
from, and v^hy the frequent discontinuous changes in demand should take place. 
In particular, the more complete analysis of the scientific manpower market 
which might provid- -i basis for improvements in the predictive power of the 
forecasts should include a mode of analysis that takes account of the roie of 
government as a variable with an important influence for the manpower utiliza- 
tion process. 

Emphasis on the importance of government programs and expenditures is 
suggested by the evidence from what are. as yet. limited studies of the responses 
of unemployed professional workers, including scientist sand engineers, to offers 
of employment. A study undertaken by Battelle Laboratories for NASA surveyed 
a sample drawn from 40.000 persons v,hohad lost their positions between 1966 
and 1070 ae a result of cutbacks in the spaceprogramsat 30 establishments,*^ The 
minimum salary required by the unen^pioyed professional workers in thi? group 
to accept employment/ their "reservation price/' varied markedly depending on 
whetheror not a movement to a new community as well as a new job was at stal<:e. 
These findings are summarized in Table 4.5; 



' f B.itlclit' Ljbi>r*»l<>rit^S, A SttrVfin^f Am^>pan? Lmphyff AiUitrd hit l^rJinhon^in NAsA LtttUnui^ ^tuJy 
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Table 4,5 

Minimum Salary RequimJ to Accept Employment by Unemployed Professional 
Workers Laid Off in NASA Cutbacks Between 1966 and 1970^ 



Average Weekly Salary ^[ Salary Amount 

At time ol lay-off $275 

To accept a Position at present tocation 247 

To accept a position in anottier community 304 



The professional workers included in the Battelle survey who had been laid 
off were wilting to accept permanent positions in their present locations at a 10 
percent lesser salary than the one they had been receiving at the time of lay-off. 
The average "acceptable'' salary decrease amounted to a reduction in earnings of 
$27 a week. The same group indicated that they would require a 12 percent in- 
crease in earnings over what they were receiving when they were laid off before 
accepting employment involving a change in location. The average increase re- 
quired amounted to $29 weekly so that the differential favoring the home com- 
munity reached over $50 a week. The persistence of joWssness could well have 
modified the pertinent reservation prices. However^ these findings suggest that 
modest changes in earnings maybe insufficient to encourage professionals, such 
as scientists and engineers, toabandon what they regard as desirable homes^ good 
schools, a pleasant community^ or seniority in a particular firm. Reliance on the 
self *regulat ion of the scientific manpower labor market, in these instances, can be 
consistent with considerable underuttlization of scientists and engineers. 

The reabsorptjon of unemployed or underutilized professionals laid off for 
reasons such as the space program cutbacks could welt take the form of oppor- 
tunities in their home communities or elsewhere in a variety of capacities 
generated by a resurgence of economic growth. The reemptoyment of many in 
the private sector could also stem from government programs arising from 
changing conceptions of national neeJs which would create new requirements 
for scientific and other manpower. Energy research and development programs^ 
the space shuttle, mass transits or the more extensive utilization of com- 
pu'er technology in health services are instances. While it would be unreasonable 
to t 'pect the government to undertake such programs primarily to create jobs^ 
the availability of highly educated and trained manpower can be an important 
cor I si deration in determining the pace at which programs can be pursued, where 
the activities should be located, and the extent to which Federal support for 
special training and fellowshipprograms would be needed to achieve goals. These 
activities presuppose the availability of manpower projections indicating the 
supply of scientists and engineers expected to be available at current or other 
earnings to fill positions together with estimates of the numbers of positions to 
be filled. 



Two types of measures can ,erve to enhance the usefulness of the present 
manpower projections for scientists, engineers and for others. One could con- 
sist of technical advances in the present projections systems such as incor- 
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porating the effects of price changes for the coefficients fndicating input re- 
quirements in the input-output matrix. The other could involve the creation of a 
manpower budget to focus on the consequences of the Federal government's 
programs and outlays for the utilization of manpower, including scientists and 
engineer«^^ m both the public and the private sectors. 

The Federal government's budget represents a statement of national, 
priorities as these priorities are spelled out in the willingness of the Administra- 
tion and G>ngress to commit dollars to the pursuit of goals in education, health, . 
mass transit, national defense, pollution abatement, tesearch and development, 
social welfare, or other areas. A manpower budget could provide the basis for an 
early warning system to trace through in advance the consequences of changes in 
the Federal government's priority choices, actual or under consideration, for 
manpower demand. A budget along these lines would present an overview of the 
areas where a lesser willingness to commit resources for particular goals, for ex- 
ample, the manned lunar landing, could be expected to diminish demand for 
scientists and engineers, and by how much, and the areas where new initiatives 
can be expected to increase requirements. A series of dollar and manpower 
budgets projected ahead for three, five, or ten years could show the anticipated 
consequences for scientific manpower of alternative courses of action, such as 
speeding up or slowing down of energy development outlays or of defense ex- 
penditures. A complete manpower budget would take account of the public 
employment created by the government programs, the employment in the 
private sector attributable to government pui^hases,and the employment in in- 
dustry generated by the implementation of standards in legislation which entaU 
large-scale expenditures by industry. A budget of this type would facilitate the 
transfer of scientists and engineers facing lay-offs* or seeking more attractive 
positions, or the placement of new entrants recently out of school, or the plan- 
ning of programs in colleges and universities to educate and train scientists and 
technical specialists. A side effect of this more rational use of scientific manpower 
would be to minimize prospects for the manpower bottlenecks that often con- 
tribute to costly overruns in government-funded programs. As a first step in es- 
tablish inga manpower budget, the Federal government's annual budget reports* 
especially \:he Special Anal]fses reports^ should include a manpower section showing 
the expected co ^sequences of the program activities listed in the budget for man- 
power requirement" scientific and otherwise. 

More research and improvements in analytic technicjues can be expected to 
increase the potentials for manpower budgeting by making it possible to allow 
more fully than at present for the cosl-price impacts on output and factor sub- 
stitutions, ror i-he feedback effects on fupply. and for similar adjustments in the 
m^irket for scientific manpower However, technical improvements alone, even 
with the aid of supercomputers, are unlikely to significantly reduce the role i f 
judgment in manpower projections. Changes in national priorities, demography, 
chtinges, technological advances, and shifts in the economy's growth rate wiJ! 
continue to outmode many of the projections of saentific manpower supply and 
Jem<ind in the future as they have outmoded others made in the past. They will 
not diminif^h the need for a consit^tent quantitative framework for assessing the 
consequences of altern^ iive policies and developments, or, the continuation of 
pa^\ trend*^ nnd the emergence of iiew ones for the utilization of manpower, in* 
eluding scientists and engineers. 
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W. T. Hamilton/ Discussant 

Vice President and General Manager, Research and Engineering 
Division 

^ Boeing Aerospace Company, Seattle, Washington 

On reviewing Dr Lecht's paper, I find that much of ft appears to parallel our 
activities at Boeing Aerospace Company in trying to predict requirements as we 
look ahead in the aerospace field. Boeing Aerospace deals primarily in the military 
aircraft, missiles, space-craft area, whereas commercial airplanes are built by the 
Boeing Airplane Company. Because both companies are located In the Seattle 
area, employees can be trf>ded ^back and forth so we tend to complement one 
another as the need for certain kinds of manpower arises. 

We try to "seek manpower projections/ but use them cautiously'^ as was 
suggested by Dr. Lecht, and continually project manpower requirements by 
program and by skill for buth th;^ near^term and thelong-t£.-m. Boeing's oppor- 
tui^ities to use people are a function of thegovernment con tracts received and the 
private ventures embarked upon in the light of economicalahractiveness to the 
company. Both government and private contracts are affected by national and in- 
ternational pressures, and by the pressure to make a profit. Requirements for 
scientists and engineers are difficult to predict with any degree of precision 
because there is a time delay; the problem is a dynamic one. 

Boeing Aerospace has about 6,000 engineering personnel. More than 5/000 
of these are graduate engineers and scientists, and about a thousand have doc- 
torates. Requirements forecasts for our programs are madeevery two months. A 
group of organizations is charged with responsibility for monitoring the re- 
quirements, compiling those requirements, and looking at them by skiW and by 
program through time so that the need for particular types of engineers, 
physicists, and chemists can be anticipated. Thie degree of certainty with which 
predictions can be made is not very great, though there isagreater opportunity to 
be certain today thai't in tlie past because there are a larger number of programs, 
alt highly technology-intensive. We have a continual flow of engineers in and out 
of the programs. It is necessary to have the right level of engineer or scientist at 
the right time, but for ec:>nomic reasons this person must be shifted when not 
needed on a given progr< m. 

At present Boeing i£ doing a reasonable job of predicting. We are a little 
shorthanded now, which is proper from an economic standpoint. In contrast, 
there was a period four or five years ago when Boeing Aerospace had twice as 
many scientists and engineers as its present base of about 5/000 persons. We did 
not accurately predict the future at that time; we .xpected that more commercial 
airpUnes would be sold and that we would have more military contracts. The 
economic turndown was not anticipated/ and when it came a large reduction in 
staff was necessary, Boeing Aerospace is now doing the same dollar volume of 
business as at its peak, but with half ^s many engineers and scientists. This 
economy has been achieved because of the availability of computers and a more 
effective use ot professional staff. At peak employment Boeing was using 
engineers and persons with master's degrees and Ph.D.'s in jobs that could have 
been handled by less well ^ducot^'d people. 

In the iQdO's Boeing Aerospace Company was predominantly a builder of air- 
plane and missile-type structure? ^^d actuation equipment, with a lesser 
emphasis on electronics, guklance, control, and navigation. Now 40 percent of 
our employees are in structural and mechanical activities and 60 percent in elec- 

89 

ERIC 9o 



trical and electronic activities. Any variation in the future will depeiid on con* 
tracts received and the activities wc are engaged in but change is certainly in* 
evitable. 

Changes in emphasis bring about another problem. Boeing's classical 
business is being handled by older engineers who will soon reach retirement age. 
.Their reftrement is going to cause Boeing to shift entirely to electronics, if the 
trend is not reversed. When Boeing cut staffr It tended to hold on to the more 
senior people^ those who had served the company longer. Consequently, a large 
group of people is marching toward retirement fairly rapidly. There are some 
young employees at the bottom^ but not many in the middle age groups. 

Ralph K. Huitt, Discussant 

Executive Director, National Association of State Universities and 
Land Grant Colleges 
Washington, D.C. 

The crucial importance of Dr. Lecht's peri^eption of the Federal Govemipent 
as the big disturber of the peace In the manpower field is, I think, absolutely cor- 
rect. All political syst^s must change; ours is not alone in making switches in 
prioritiesr but it may be thaCthere is something peculiar to our system In the ex- 
treme changes that it makes. 

ProfessorGabriel Almond of Harvard pointed out a numberof years ago that 
our system tends to swing from one extreme to the other. The extent to which 
the government responds and reinforces, or stimulates, is an open question, but 
certainly public policy reflects swings in public mood. 

Everyone here has commented on what happened in space: a great boom, 
then a sudden cutoff. What is of particular interest is the drastic character of the 
cutoff, the fad that it occurred so quickly. When wr first landed a man on the 
moon, the President of the United States said it was the great^tst event in the 
history of humankind since the creation. Yet six months later, in his State of the 
Union message, the subject was not even mentioned. Other examples of striking 
changes tn priorities and programs couM be cited. 

This tendency for extreme change will not diminish; in fact it is likely to 
worsen^because as government grows, its effects on universities, o.^ manpower, 
on the economy, and on other areas will increase. What can universities, as 
suppliers of manpower, do to cushion this effect? Dr. Lecht has proposed a man- 
power budget to be attached to the regular budget. Look at our experience. The 
President sends a budget to Congress, it is a proper budget in the sense that in* 
come IS related to outgo and a JefiJit or a presumed surplus is mentioned, so ail 
the elements of a budget are there 

This budg^hng procedure was initiated m 1921 with the Budget and 
Accounting Ac jst 132 years after the birlh of the republic. Before then the 
IVesidenl dimply requested money when he wanted it, and nine separate com- 
mittees (one called ''appropriations/' and eight called "autho,,/jng"committees) 
considered the nece^^arv appropriations. Novv. more than a half century after the 
Budget and Accoctnting Act theCongrei»i»of the United States tt* beginning tolry 
to develop some machinery for handling the budget itself. 
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Gingress/ however/ does not "consider" the budget. What Congress does is 
to divide the expenditures and send them to 13 separate committees in the two 
houses/ and then a separate committed takes care of the revenue according to a 
rhythm of its own. Congress is paying attentionnow to the possibility of relating 
income to outgo because it protested^not the Ptesident's ceiling but his priorities. 
It has ako learned that it cannot substitute its own priorities because it doesn't 
have any/ and has no mechanism for making them. 

If a manpower budget were added to the fiscal budget/ there might be Con* 
gressional hearings and these could have an affect on public policy. There should 
be genuine public debate about the implications of the President's priorities. But 
even lacking such debate/ it would be useful tohave a manpower budget attached 
to the budget because the budget tends to increase every year. 

Let me add a new point which Dr, Lecht did not mention. It is time that the 
Federal Government underwrites part of the institutional cost of the higher 
education enterprise. The Federal Government tends to call on the universities 
forwhatitwantS/ occasionallypaysforwhatit wants for as long as it wants it, and 
then cuts it off and does not care much what happens to the overall enterprise, I 
am aware that a call for the Federal Government to put some institutional 
assistance into our universities invites greater intervention/ but at the moment 
the only real source of new money for higher education is the Federal Govern- 
ment, 

General Discussion 

The discussion following the remarks of Dr- Lecht/ Mr. Hamilton and Dr. 
Huitt raised several new points and expanded upon some already discussed. 
Various points of concern are given below: 

• Can the manpower budget suggested by Dr- Lecht be useful if not based 
on a multi^year look ahead? We are not now and not likely to be in a posi- 
tion to be making Federal budgets with lead-time. Dr^ Lecht replied that 
the President's budget document/ in its section on special analyses 
usually has Administration program estimates for the next two or three 
years. If expanded tofive yearS/ this would increase the significance of a 
manpower budget. Also, such a budget would provide opportunity for 
the consideration of alternatives and the possible need for a shift in 
priorities, 

• Collapse or decrease of a major program like the Space program is not 
necessary to create large derangements in the labor market. It is only 
necessary that there be rapid growth ^^or a while/ followed by a leveling 
off, 

^ What about the capability of Federal agencies to make a manpower 
budget ? And what about the feedback effect of an uncertain manpower 
budget on educational institutions? Dr. Lecht replied that the Federal 
Government already does a certain amount of looking at the manpower 
implicationsof its programs, A governmental unit called the Interagency 
Growth Project in the Department of Labor has been considering the 
impact of defense spending for manpower utilization for years. In regard 
to feedback problems, ''It is better to be vaguely right than precisely 
wrong,'' If we k)ok at estimated impact of federal programs over thenext 
several yearS/ we will often be vaguely right/ or better. To disregard 
these various impacts would be precisely wrong, 
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^ A manpower budget might have an inhibitory effect, causing curtail- 
ment or elimination of programs which might be justified^pn other 
grou];^ds. For example, it quite possible that a manpower budget for 
the Space program might have kept Us from undertaking it, 

^ Is it necessary to project a manpower budget during &e original 
budgeting processi when time is short, or mighttt not be appropriate to 
wait until die program is underway? E>r. Lecht indicated his belief that 
"sooner is better," and that experience with such projections would 
eventually reduce their complexity; he regards relationships among 
manpower-related programs as critical, leading to overview and early 
warning. 

♦ Wayne R. Gruner* spoke of making a five-year manpower budget and il- 
lustrated someof&e relationships to be considered (Bgure 4.1). The up- 
per part of the diagram shows totallevel of empbyment in some activity; 
the bottom diagram shows the rate of new recruitment required to 
maintain the level of employment seen in the upper curve. This is a 
scenario in which the level of empbyment doubles in ten years and &en 
levels off. It is accompanied by a recruitment pulse in which the recruit- 
ment goes up to more than Bvefold &e level required to take care of 
replacement for attrition, and then drops off sharply again. TKis pattern 
is a difBcult one to absorb in the labor market. This extreme kind of 
behavior is peculiar to labor markets that involve very low turnover 
rates and lifetime commitment to occupation (as in the case of academic 
teaching). The lower diagram can be modified considerably if you 
assume that the recruitment covers a very broad range of ages and that 
there is a rather high turnover. 

If we look at Dr. Grodzins' version o( manpower flow, the baseline would be 
higher but the recruitment peak would be correspondingly higheralso, soinstead 
of rising four or Bvefold and then dropping back to base level, it might increase 
two or threefold and then fall back. Even this would be a severe perturbation. 

So if you assume overall social activity is a composite of many different 
smaller growth activities (the growth, for example, of programmers and &e 
decline of mechanical engineers, as described in an earlier talk) then real labor 
markets would be made up of a great number of superimposed recruitment pulses 
of different kinds, magnitudes, and timing. 

The dear message for students, faculty, and job seekers is that employment 
opportunity is a moving target and that their most promising weapcm is flexibili- 
ty- 
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Figure 4v1 

Comparison of Total Level of Employment in a 
"Growth Industry'' andRate of Uw Recruitment 
Required to Maintain That tevel of Employment 



20- 



ro- 



I ^ 1 I I I I H— i h" I - 



NOTES; LWORK FORCE DOUBLES fN TEN YEARS , THEN STABLIZES. 
2.STEA0Y STATE (NmOL DISTRIBUTION j SINGLE AGE RE- 
CRUITMENT 



0 



"T" 

to 



T" 

30 

YEAR 



40 



50 



60 



70 



^ 6- 



S 4* 



i 



lit 



20 



ill 



I 



1 



I 



I 



i 



I 



ill 



99 

93 



5. Management of Industry Needs for 
Engineers and Scientists 

Tkts chapUr h based on f fcf ml presenialion of Dr. Wfeilf and^n hispaper. The lead dhcumnh 
ware G. f . Boiling* ford Mohr Companyt and Margaret Gordon* Carnegie Council on Poliqf 
Siudm in Higher Education. 

PhSlIip C White: 

General Manager of Research 

Standard Oil Company (Indiana), Chicago, Illinois 

This presentation deals with current industrial patterns in manpower plan- 
ning^ and with methods of ptilization of the available supply and demand data. A 
few industrial problems will be described and a few suggestions offered which 
hopefully will stimulate discussion about solutions. iVIuch has been written on 
the need for better supply-demand forecasts and manpower management. For 
example, in August 1973 the National Academy of Engineering produced anex- 
' cellent analysis of these problems with recommendations for future action.^ 
Their recommendations^ all of which havebe^tR touched on again and again in this 
seminan include the need for much better trend analysis than has been per- 
formed in the past, for centralized manpower analysis in thegovemmentand es- 
pecially for government to respond to the impact of its own programs. 

Industry Patterns in ManpowerHSfannrng 

In order to obtain a more diverse industrial viewpoint, we talked by 
telephone to twenty^seven companies, attempting to reach the person in each 
company with direct responsibility for planning manpower needs and recruit- 
ment. Industrial manpower planning is internally generated; that is, manpower 
demand is determined by the business plan^ with sales projections and new 
facilities of particular importance. The business comes first; decisions about man- 
power are a result of that business and not vice versa. Industrial demand ihen can 
be divided into various components as follows: 

bidustrial Demand Components 

Increments to Staff iVlaintenance of Staff 

Sales Projections Retirements 
Contracting Level Resignations 
New Facilities Deaths 
New Lines of Business Transfers 



^ National Academy of Engint^ring, BngittttT\ngattd$titnHfUManpCfa>tr. Rtfommtndntiifn^fortktSevm- 
iit^ 1973. 
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ThepresidentofM.W. Kellogg, alarge construction firm^ recently presented 
a paper on manpower needs in the field of construction engineering. He pointed 
out that give-^ the manpower needed at the present time to construct and operate 
plants for coat gasification, oil re fining, and the production of petrochemicals, fer- 
tilizer^ and synthetic fuel it is obvious that there will be a 10 to 20 percent short* 
fall of engineers. An interesting point was also made by the president of Kellogg 
about competitive bidding. Consider the consequences of four engineering con- 
tractors bidding on a single, large job such as an SNG plant. In preparing the bid, 
each contractor spends about 20 percent of th^ time that would be required for 
planning, engineering, and procurement phases of the job. Thus if four com- 
panies make competitive bids^ an amount of time equal to SO percent of the total 
time to perform the job is spent even before the job is started. Obviously this is a 
wasteful practice. Lump sum bidding or other methods would help reduce this 
large waste of resources. 

Another factor in manpower planning is encountered with entry into new 
lines of business. A company may know what it wants to do^ and may have es- 
tablished a market, but then faces decisions about the possible need torecruit new 
people. The problem is that it is difficult to judge new technology because not 
every new technology has a significant impact on the market. Forfexample, in the 
early 19S0's it appeared that expertise in radiation chemistry and radiation 
engineering in the process industries would be in great demand. The technology^ 
however, did not have a commercial impacts and the bulge in demand for these 
particular skills never materialized. 

Still another factor in manpower planning is replacement. As a nation we are 
reaching the time of retirement for many individuals who started out in the post- 
depression expansion of industrial research. There has been z steady growth of 
industrial R&D over the period from the mid-1930's to the mid-1960's, and now 
the replacement load may be larger than forecasts have indicated because there 
has not yet been much retirement in the major R&D population. 

The general manpower picture is reflected in the responses to our telephone 
canvas^ of representative companies. Questions were asked abotj^t such^opics as: 
general manpower planning; time span covered in planning; effect of planned 
new business; the use of projections; reactions to individual manpower projec- 
tions such as those made by the Engineers Joint CounciL NSF^and the American 
Chemical Society; ideas for improvement in the projections; and ideas on prac- 
tices which might dampen the supply-demand cycle. 

Some of the significant replies will be mentioned here. All of the substantive 
replies are given in the accompanying paper. One large chemital company 
reported that its projections were not particularly successful and that failure to 
project accurately contributed to a large layoff, in the recent past. Their 
spokesman added that he though^his company might even have lost sight of th^ 
overall problem of stabilizing manpower planning. Two companies seem to be 
preparing to do something about stabilizing the cycle; one is a large chemical com- 
pany, and the other is a large oil company. Each is working ona policy that would 
aim at a fairly contant level of hiring despite the economy at any particular time. 
Further, each hopes that more companies will follow its efforts to help achieve a 
more effective dampening of employment cycles. 

In many companies, management does not recognize that a stable level of 
hiring is a form of social responsibility. Change to such an attitude might be 
brought about with the cooperative effort of industry, government, and the uni- 
versities. This effort will take time. The situation, in some ways, is analogous to 
the movement to change attitudes about the hiring of minorities. 
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The Role of Supply/Demand Projections 



Another sigmficant finding of the telephone survey i$ that projections 
supplied by government and private sources do not seem to play a key rote in the 
planning of the twenty-seven industrial companies.Theyareaware of these pro- 
jections^ and the projections are taken as indicators of how the recruiting effort 
should be postured^ but that is all. If the manpower situation is tight^ companies 
are prepared to work harder at^recruiting. Howe vor^ expansion plans would not 
be curtailed because manpower is projected to be scarce at some future time. 

One question which must beasked^thenilf industry^government^students^ 
and others are not using projections^ then why do them?The answer is that a dis- 
tinction between information transfer and behavior change should be made. If 
behavior change is the goat then one must be especially careful about the quality 
of the information provided^ Part of the problem with projections is that second 
or third-order derivative effects of demand and supply or interactions betive^m 
them are clearly going to be overwhelmed by completely unpredictable govern* 
ment action. The smaller effects should not be ignored, but it is important to 
attempt to foresee the big swings and perhaps dampen them. 

Another problem area is that of collecting data by survey. As an attenipt to 
increase the sophistication of demand forecasts^ a survey was conducted in 1972 
by the Industrial Research Institute in cooperation with Engineers joint Council 
and the Scientific ^4anpower Commission. This study^ using January 1971 as a 
base^ attempted to forecast, demand for one^ two^ three, and six years. A report^ 
Utilization of and Demand (or Etigitieers and Scientists Indnitrial Research,^ was published 
in 1973 but it wasn't very persuasive for several reasons. Returns were not suf- 
ficient; 230 companies were contacted^ but only 86 replied. As partof thesurvey^ 
each company was asked to categorize its response in terms of reliability. Fully 75 
percent of the respondents stated that their forecasts represented '"best 
judgments" or were "only a guess." Quite a number of firms said that they an- 
ticipated no specific actions in response to the supply/demand picture which they 
perceived^ or that they were only guessing about future change for the purposeof 
answering the questionnaire. 

The use of questionnaires is a difficult method of obtainingdata, but this ap^ 
proach should not be given up. A centralized effort would help. A single 
authoritative group— a government agency such as OMB^ BLS^or NSF— should 
be in charge of the data acquisition. Perhaps there should be a statutory question- 
naire/ carefully developed and pilot tested. Such a questionnaire could be useful in 
determining year-to-year trends in requirements for various disciplines. We 
must admit that the present state-of-the-art in terms of demand surveys is not 
very impressive/ and it ts not surprising that schools feel there is not a good pic- 
ture of manpower needs. 

Improved Supply and Demand Management 

Internal Supply 

Our survey revealed that industry is doing what it can to generate supply by 
providing continuing education for its people. One company/ while not planning 



; The survey wj$ published by Indu^tnal Research Institute. Inc / New York. N.V., April 1973. 
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itsetf to retrain B.S. chemists as chemical engineers, suggested that such retrain- 
ing would be possible through a company sponsored arrangement with a local 
university. It is obvious that working to expand supply internally will help, tut 
this can only partially meet increased demand. 

Stabilizing Industry Planning 

As previously mentioned, one way to obtain better overall management of 
supply and demand is to stabilize hiring. This would be useful, but how to go 
about spreading this practice most rapidlylsnot clear. An interesting approach to 
stabilized hiring is given in the following illustration. One company made a 
careful projection of requirements and then hired up to 80 percent of that level. 
The company might always be 20 percent short, but they appear happy with the 
results. Knowing how research directors work, perhaps that one carefully over* 
budgets by 20 percent so he still gets what he needs. If stabilized hiring were tobe 
accepted as a kind of national responsibility, much would have been done to 
achieve strengthened manpower management. 

Pisaggrfgation 

Disaggregation of specialties \vould be helpful. For example, industry is in^ 
terested in corrosion engineers, process development men, etc., rather than 
chemical engineers p^rf^. Some of these spedaltiesare trained in only a few places 
in the country. 

Role of Government 

It is hoped that as a resuh of this seminar there will be a greater push toward 
defining and establishing the roleof government in manpower planning. There is 
need for some entity to communicate our concern about manpower both to the 
Legislative and Executive branches of government through appropriate 
channels. This entity would demonstrate the need for manpower budgeting and 
emphasize the need for awareness of the possible impacts of government policies 
so that a moderation might be achieved if specific programs are determined tobe 
unreasonable in their impact. 

An example oLgovernment policy which could be altered quite easily is im^ 
migration pojicjr, Qgspite the fact that the current demand for chemical engineers 
exceeds the'TGppIy, th«re are complicated and time-consuming procedures which 
are required by the government in order to obtain approval for the entry of 
professionals into the United States. 

Feedback to Schools and Students 

Feedback to colleges, universities, and secondary schools would be greatly 
improved if demand data were centralized . Information would be easier to deliver 
and it would be received with greater confidence. Another matler to consider is 
the reporting of future manpower demand and supply in the various trade jour^ 
nals, technical journals, and educational journals. Sometimes reports of impend- 
ing shortages or excesses are really not jus. if ied m view of the uncertainty of the 
information on which the reports are based. 

If there were nationally accepted, authoritative estimates of future demand, 
then industry could tell students of this demand. Industry's role should be to tell 
what an engineer or scientist does in industry without necessarily trying to 
recruit students to engineering. The role of guidance should be left to guidance 
counselors at the various levels of high school and college. 
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Boilings DiscussanU-^ 
Manager, Product Strategy Planning 
Ford Motor Company, Dearborn, Michigan 

Ford Motor G)mpany makes several different kinds of forward projections 
in time. There are planning groups in ecbnomics^ manufacturing, research^ 
technical planning, and so on— over a dozen such groups in the company. Each 
group has a different projection time; some workon a five-year basis and others 
work on a ten-year basis. Manpower projections made by the personnel and 
organizational staff are generally done atleaston a twelve month basis, but there 
can be a turnaround in three months if there is change such as we recently ex* 
perienced when we knew that automobile sales were going to drop substantially. 

Ford does not really use the projections that are available, although our man- 
power people ^do use the BLS statistics and depend on the availability of these 
kinds of statistics. Asa rule ofthumb, the automotive industry contributes about 
16 percent id tHe GNP^ so if one of the major corporations in this industry does 
not pay very close attention to the projections^ then who in the twenty-seven 
companies surveyed by Dr. White does pay attention? 

Ford has difficulty cuttingoff the peaks and filling in the valleys^ and it has its 
own lags in obtaining particular types of engineers. Eighty percent of the 
engineers that Fordhires are mechanical engineers. They fillapproximately thir- 
ty different kinds ofjobs. Mechanical engineers are just one of the five basic kinds 
of engineers^ so perhaps engineering should be subdivided and looked at more 
critically, not just as one grea^t lumped mass. 

Dr. White emphasized that companies should pursue minimum hiring goals 
regardless of the economy^ and he stressed that companies should back their 
plans except where "survival is really threatened." Realistically^ howeven a 
threat to company profits occurs before a threat tocompany survival. Changes in 
profits are a strong incentive to change plans. 

Dr. White suggested a central data collection agency and the need for in- 
dustrial input of demand statistics. Such an agency would be a good idea, but cer- 
tain demand statistics reveal company plans and could not be obtained. G)mpany 
plans are closely related to intended profits and it appears that unless every 
organization reveals its detailed plans^ no one organization will be the first to 
start. 

Care must be taken in preparing questionnaires because it is so very difficult 
to get adequate answers. One should avoid the "Edsel questionnaire 
syndrome"— the market survey used prior to the designof the Edsel simply asked 
the wrong questions. 

In regard to the suggestion that industry speakers should stick to objective 
facts about career opportunities and not talk about supply and demand, lagree. 
Ford is currently starting a program which it calls a college sponsor program. 
There are between thirty-ftve and forty executives in the company who are in 
close contact with either deansor presidents of as many major universities in the 
United States. The purposeofthese contacts is to understand more about univer- 
sity prrl)lems and to open a line of communications to the Ford Motor Company. 
Ford hires a signiftcantproportionof the engineers in the United States, but finds 
that certain individual characteristics do not come out of mechanical engineering 
schools^ and so is attempting to inform the universities of the type of individual it 
is seeking. 10/1 



99 



The recent history of Ford's hiring level of engineering graduates as a 
percentage of total engineering graduates in the United States is asr follows: O.Z 
percent in 1970 (a recessive period for Ford), about 2 percent in 1971 and 1972. 
about 3.7 percent in 1973. If the automotive industry has a turnaround in August 
1974/ the figure for 1974 might run to 0.6 or 0.7 percent versus a previously pro- 
jected figure of 1.5 to 2,0 percent. 

Ford has pfoje<;tions to the year 1983, and our personnel and organization 
■staff assumes a sh6rtfall in engineering. However/ the money necessary for 
recruiting activities is 'projected by the finance staff/ and this staff is not con- 
vinced that the shortfall is real/ since the supply of engineers for any companycan 
be made exactly the number it wishes to hire. If an organization needs someone/ it 
goes out and competes for them. It will become more difficult in the automotive 
industry after recent changes, but nevertheless money is demand and it can be 
used to fill our needs. 

Government manpower projections are producingalot of answers/ but what 
are the questions? It appears that people are looking for questions to ftt the 
answers. Industry is probably not the place to find planners tocoupte with projec-* 
tions people, for the various reasonsandobjectionsthatE>r.White put forward. If 
it is not industry, then is it government? If it is government, is the purpose toun- 
derscore policy? If so. how closely then should policy, planning, and projections be 
tied? Asking another way. how successful are projections and planning in 
relatively closed economies like the US.S.R.? That is a question which has not 
been discussed at this conference. ^ 

Finally then/ protections are not as useful knowledge of the perturbations 
in the system. In hindsight/ ask if there was anyone in the projection business in 
1963 and 1964 who considered the perturbation that would occur if funding of 
aerospace diminished/ disappeared, or would be dislocated in any way. Today's 
question is. ''What would happen to the oil industry and automotive industry if 
there were a crisis in energy that occurred drastically rather than gradually?" As a 
truism it can be said that projections are only as worthwhile as the statistics from ' 
which they are derived. If perturbations are to be analyzed, perhaps there should 
be thorough studies of the history of previous projections. 



Margaret Gordon, Discussant: 

Associate Director/ Carnegie Council on Policy Studies in Higher 
Education, Berkeley/ California 



It is encouraging to learn that at least some employers are beginning to try to 
stabilize their manpower hiring plans. However/ there are severe limitations on 
stabilizing activities, particularly when one considers the way changes in Federal 
programs affect the demand for Scientific manpower. 

Or. Lecht is correct [n his general position that there should be manpower 
budgeting. His position, however, might be phrased in a slightly different 
manner: perhaps there ought to be an analysis of the manpower Impact of major 
government decisions. This would be analogous to environmental impact 
statements for various construction projects. 
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One topic which has not lieen discussed very much at this meeting i^ the field 
of health manpower. The enactment of the Medicare and Medicaid legislation in 
1965 Jed to a general shift to the right of the demand curve for health manpower 
and health services. In the years following the implementation of that legislation 
there was a very sharp increase in the rate of inflation of the medical care compo- 
nent of the Consumer Price Index. 

.This demand curve may beheading toward another shift to the right. The 
Kt?nnedy-Miils pact on health insurance legislation is probably bringing the day 
much closer when Congress will enact a nationa I health insu ranee bill The effect 
such a bill will have on the demand for health manpower obviously depends on 
the details of legislation that is passed. Howeven at the same time that the ad- 
ministration says it is supporting a national health insurance bill, it is making 
plans to cut back drastically on support of medical schools and other kinds of 
health training schools. 

The administration seems to be very relaxed about theprobUm of supply of. 
physicians and says the shortage of physicians seems to be disappearing. Essen- 
tially what is happening is that the inflow of foreign medical graduates has been 
continuing. Some projections assume that there will be a continuing steady or in- 
creased inflow of foreign medical graduates/ despite the fact that there has been a 
substantial increase in the number of entrants to US. medical schools over the 
last six or seven years, tn the face of the substantial increase in the supply of U.S. 
medical graduates/ it is now unreasonable to assume that the demand for foreign 
medical graduates will rise or even remain constant. 

What should be the U.S. policy toward dependfng on foreign countries to 
supply a significant portion of its medical manpower, particularly when those 
foreign countries tend to be relatively underdeveloped countries like the Philip* 
pines? I believe that as the wealthiest nation in the world we ought to be export- 
ing highly trained health care manpower rather than importing it/ and we ought 
not to be forcing large numbers of US* students to get their medicaleducation in 
Mexico and other countries where a good m^ny are going. 

My general point is that there has not been enough analysis of international 
movements of highly educated manpower. We can no longer assume/ for exam- 
ple, that U.S. salary levels for engineers and scientists are so much higher than 
salary levels in other countries. Rates of inflation abroad have brought salary 
levels closer together. 

Dr. Brenemaii made the point earlier that increases in Federal fellowships 
and research assistantshipshave not apparently increased the proportion of doc- 
torates granted in the sciences and engineering. The 1950's and 1960's were years 
of exceptionally expanding demand for highly educated manpower/ despite the 
huge increase of supply that was occurring especially i *he 1960's. There were 
two main reasons for this expanding demand^one was an increase in the 
percentage of GNPgoing for research and development expenditures, and the se- 
cond Was the marrh of the cohorts of postw^ii babies through the school system 
and up into the colleges and universities. During this time p^L^od, the most 
pronounced increase in the proportion of degrees being granted was inedticatjon. 
A number of the degrees in the humanities and social {sciences were also granted 
to those who v/ere training to be teachers. Even though there were increased doc* 
torates in science in terms of numbers, there was also an increased demand for 
teachers and college faculty in other areas, so this competition in the market may 
have kept the proportion of degrees in science from increasing. 
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There has also been some discussion at this conference of whether and to 
what extent Federal fellowships and other forms of support will affect the enroll- 
ment of graduate students. Dr. Kidd pointed out that Federal support has 
dropped drastically^ yet the number of graduate students has been increasing 
modestly in recent years. The question toask is whether f^Howshipsupport has a 
more basic influence on the behavior of students than demand in the fields for 
which the students are training. It appears that demand is more important than 
the behavior of fellowship support. - 

On the other hand^ there is a need to disaggregate by field and type of institu- 
tion. In 1971 and 1972^ the large increases m graduate enrollment occurred at 
places likeMankato State. Leading graduate schools such^j Harvard^ Princeton^ 
and Berkeley have been cutting back on their graduate programs largely in 
response to the loss of fellowship and other kinds of support The best schools are 
not getting the increases in students. Thus consideration must be given to 
Federal support as it affects the highly qualified graduate schools which are a 
basic national resource. Dr. Allan Cartter has also stressed this point. The same 
consideration applies to medical schools. 

The Administration seems to be re versing the position it to6k in 1971^ calling 
for a drastic cutback in what was then adopted as the principle of basic capitation 
.upport of medical schools by the Federal Government. Nothing likt^ the full cost 
of education was provided but the idea was that States and private sources of 
financing would supplement what the Federal Government provided for basic 
core support. If the United States is to maintain the high quality of Its leading 
schools^ there must be stable support from the Federal Government. 

A final word about student choice. Student choice is very sensitive to market 
changes and students' perceptions of the market are reasonably accurate. As one 
aspect of thi&> women have been shifting their fields in a most dramatic way and 
are moving into traditionally male fields. This was brought out in the report ! 
drafted for the Carnegie Commission on Opportunities for Women in Higher 
Education/ yet many people continue to write as if this were not thec^se. Under- 
representation of women in field after field is claimed, without paying attention 
to what is becoming a very important movement. 

This leads to the point that information on changes in student choices of field 
at the undergraduate level is extremely inadequate. One searches and finds, say^ 
an article by Lee Grodzins on changes in physics enrollments and something by 
the Engineering Manpower Council on engineerings and so on^ but there is no 
basic general source of information on undergraduate choices and changes of 
field. Such a source very much needs to be developed. 



Following Dr. White's presentation and discussion by Dr. Boiling and Dr. 
Gordon^ a number of questions and comments were offered by participants. 
Various points included the following: 

• Thomas D. Barrow' reemphasized Dr. Gordon''s point about a lack of 
material balance within the United States on scientists and engineers. 



' Director ^tid Senior Vice President. Exxon Corporation. New York. New York. 



General Discussion 
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Exxofv one of the largest multinatLonal corporations, has about as many 
American scientists and engineers working abroad 3S in the U.S. Many 
foreign scientists and ^^^Si'^^^i'S work in this country as^well as abroad- 
Thu$ when the manpower problem is considered strictly in U.S. terms^ 
we should be cautious to note that some assumptions will work with 
respect to some fields, but not to others. 

A 1970 report of the American Geological Institute* recommends 
that universities improve their planning in regard to disciplines and 
degree output, and thatemployers hire moreevenly, avoiding peaks and 
valleys, in order to insure a more uniform flow of personnel through 
universities and industries. Exxon has been following the latter 
recommendation, at least in domestic activities. Its research organiza- 
tion, which is separately incorporated and therefore has different cor- 
porate policies than the domestic affiliate, has not followed this policy in 
the past, although it will in the future-Thedomes^tic affiliate has hadless 
than 10 perc3nt variation in the hiring of engineers and scientists over 
the last five-year period. The research affiliate, however, has cut staff 10 
percent below the high for tha t same period, so there have been substan- 
tial differences within this single large organi3:ation. 

• On the matter of foreign enrollments. There is an increase in the 
proportion of foreign students in graduate engineering schools. What is 
the industry view of hiring foreign students? Dr. Bolltng replied that 
there is a strong tendency to hire U.S. students first, partly because of 
the difficulty of visa procedures. There is a question alsoof the quality of 
foreign students; overall quality may be a matter of total educational 
background, so foreign students are likelv to be at a disadvantage. 

• Assume that Ph.D.'s are in surplus to the extent that they become inex- 
pek^sive to hire. Would industry substitute Ph.D.'s for bachelor's degrees 
simply because the Ph.D.'s are cheap? E>r. White responded that in 
research Standard Oil of Indiana hires 60 to 70 percent Ph.D.'s, so there 
is already a considerable use of Ph.D.'s. This might be increased by 5 per- 
cent. Dr. Bollingcommented that Ford has hired more Ph.D.'s outside its 
research laboratories than ever before. This is true not only because 
salary differentials are narrowing, but also because the automobile is 
becoming a '^higher- technology" product. There has also been an 
attempt at Ford to seed production with Ph.D.'s from the research 
laboratory. Dr. Barrow, speaking about Exxon, said that his company 
hired more Ph.D.'s in operations in the I950's than it did in theI960'sor 
probably will in the l970's for two reasons. There were fewer oppor- 
tunities for Ph.D.'s in other areas then, so more were interested in Ex- 
xon; also, more Ph.D.'s in the 1950's tended to be generalists than those 
who are graduating in the 1970 s. Good Ph.D. generalists are hard to 
find right now. 

^ Dr. Branscomb remarked that tliere is a needtodistinguish between ad- 
justment of the load level for universities and stabUtzation of the scien*- 

^ 



' Ameriwn GeoIo>;jcal Institute. Committer on Manpower. Manp^u-tr Supptu and urmMd m E^rlh 
Siimtf. 19*^9 1974. AmericdU G^ologtc^l Instittite. Washington D.C 1O70. 
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tific and engineering manpower pool. There has been much discussion 
about supply from educational institutions and the demand^ (or the 
product of educational institutions/ but there is a need to know what is 
going on in the community of people who are active scientists and 
engineers. The size of the science and engineering pool is affected not 
only by the rate at which new members are trained but also by the rates 
at which members of the pool move to other activities or return to the 
pool after other activities. We need to understand the rate at which peo- 
ple stop being scientists and engineers and start being either vice 
presifjents or deans or unemployed or salesmen^ and we need to know 
the rate at which scientists and engineers are created outside the univer- 
sities. For example/ the IBM G)rporation has a number of full-time in- 
str^tctors on its payroll, providing training in specialties v/hich it needs. 

Adjusting the rates at which members leave and return to the pool 
\st within obvious limits^ a more effective process for adjusting the size 
of the pool than is the adjustment of the hiring rate fornew graduates. 
Perhaps creation of skills internal to the industrial system as well as the 
transfer of people in and out of the scientific and engineering areas is 
also more important than the hiring rate for new graduates. Thus^ pro- 
jections are more important -for university load-leveling than they are 
for the management of the total science and engineering pool. 

Dr. White disagreed^ saying he thought projections should be 
applied to manpower management as it relates to both universities and 
the total science ^nd engineering pool. Flexibility can be achieved by jn- 
house training and by early retirement, but it js important to keep new 
blood flowing into the system in order to maintain creativity. Dr. 
Branscomb replied that there is a need to examine the full spectrum of 
company policies. This would include new hires together with the flow 
of scientists and engineers in and out of industry. 

• To the question/ "How successful are projections and planning in 
relatively closed economies like the U.S.S.R.?", Dr. Grodzins respaided, 
saying that if anything^ the U.S.S.R. is doing worse than we are. There is 
a great deal of planning there/ but the planning groups do not do a good 
job of communicating with each other. Many countries are having man- 
power planning problems. The problems of increased entrances into 
higher education and the mis-matches between the needs of industry 
and the outputs from the universities seem to be quite universal. 

* The flow of expertise and talent within a given organization is not nearly 
so difficult to understand as the flow of talent and expertis^from one 
segment of the community to another segment. Within an organization 
the person involved if a known quantity, but the individual who changes 
organizations and at the same time becomes a generalist, or changes 
specialties/ has a more difficult time. There is reluctance on the part of 
individuals and on the part of prospective employers toward such a 
move. No attempt has been made at the university level or at any other 
level to ease this transitioa If there is one single situationfor which pro- 
jections would be especially useful it would be in the formulation of 
policies which would make transfer between specialties easier. 
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* Fred P. Thieme* asked for thoughts on how the civil rights movement in 
higher education might affect manpower considerations. Dr. Gordon 
responded, saying that women and members of minority groups have 
special kinds of contributions to make in higher education. Forexample, 
^ an able woman professor has the capacity tostimulate women students, 
and a black professor has the capacity to understand the problems of 
black students. These special contributions should be recognized when 
recruiting and hiring, along with the more usual standards applied for 
faculty employment.. 

One of the most spectacular changes has occurred inenrollmentsin 
medicine where the percent of women entering medical school has 
jumped from 7 to 20 percent over f he previous six or seven years. Simitar 
changes have happened in law school enrollments. Information at the 
undergraduate level is not so extensive. Richard Peterson conducted a 
survey for the Carnegie Commission of shifts in undergraduate majors 
in 1970 apd the fall of t97t, which showed that women were moving 
into majors in architecture, city planning, agriculture, and soon, because 
of interest in the environment. Peterson also tried to trace the changes 
in degrees granted to women in the latter part of the 1960's.This study 
shows that there is an increase in the proportion of degrees granted to 
women in a varietyofHelds that had been considered traditionally male. 



The formal paper prepared by P. C. White and D. G. Schroeter for this session appears below. 



Management of Industry Needs for 
Engineers and Scientists 

L Introduction 

Effective management of the supply and demand of engineers and scientific 
manpower has not been achieved in the United States. The short age-oversupply 
cyclic imbalances are known to us alt. Voluminous information is available on 
what has happened in the past. Much has also been written on the need for better 
supply-demand forecasts and manpower management. However, we are ob- 
viously still a long way from our goal. For example, the National Academy of 
Engineering in August 1973 produced an excellent analysis of the problem and 
recommendations for future action. TheseVecommendations boiled down to: (l) 
need for continuing (versus ad hoc) systematic, soundly based, and timely man- 
power trend analyses, (Z) national organization for such manpower planning and 
decision-making with leadership from the Executive Office of the Resident, and 
(3) evaluation of the manpower im[)licaUons of national technology goals and im- 
proved programs for any consequent re*education and increased mobility of 
technical manpower. 



* Special ConsdUnt to the Board of Regents and Professor of Anthropology, University of 
Colorado, Boulder, Colorado. 1^0 
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My remarks will cover current industrial patterns in manpower planning/ in 
eluding how available demand and supply data are being utilized. I hope to giv 
you a brief insight into industrial planning problems^ together with som 
suggestions on how improvements can be accomplished^ rather than what tht 
problems are. 

In accepting this somewhat belated assignment last month, it was clear thai 
there would be no time for another In-depth ad hoc study" nor is yet anothei 
study needed for what I wish to communicate today. Since I f^as asked to speak 
for industry^ however/ 1 felt it incumbent on me to seek beyond the experienceof 
many years which land myassodates in Standard Oil of Indiana have had in deal- 
ing with this problem. . ' 

Therefore/ we contacted 27 companies across the country, representing the 
oil/ chemical, electronic, aerospace^ pharmaceutical engineering/construction/ 
metals^ foods/ and automobile industries. In most cases/ the p^^rs^on within the 
Organization responsible for manpower planning activity was called by 
telephone. In all caseS/ the individuals called could effectively speak for their 
organizations. All persons contacted were very cooperative in responding^andall 
reoignized the overall problem. No company will be identified by name in this 
paper. 



IL Industry Patterns in Manpower Planning 

Manpower planning by industrial companies is based on internal and exter- 
nal inputs of the best available facts on expansion of business/ entry into new 
lines/ technology changes, obsolescence/ capital availability/ and many other fac- 
tors. Business plans come first/ and from these the levels and kinds of manpower 
needed are combined into a manpower plan. 

The pertinent components of the business plans usually start with sales pro- 
jections with their concomitant requirements for technical service personnel in 
the field, and research effort in the lab. For (:ompanies heavily engaged in 
Government contract work, changes in contract level are reflected almost linear^ 
ly in their engineering staff requirements. Any new facilities planned will repre- 
sent a demand increment, both for the engineering necessary to build and the 
staff to operate. Should the enterprise be planning to enternewUnes of business/ 
this has particularly critical manpower implications. New skills may be needed 
which are tn short or zero supply among the current staff. Requirements will 
span the entire organization, from R&D through the plant to the sales force. 

Ail of the above increments represent changes up/ or down, in the technical 
manpower needs of a company. They are additive to the annualhiring a company 
must do }ust to offset turnover/ assuming a constant staff. Losses by death/ 
retirement/ resignation/ or transfer to a nontechnical function/ tend to be fairly 
constant year to yean unless peihaps there is an abnormal age distribution in the 
current staff. FEring to fill such vacancies represents/ or should, a stabilizing in- 
fluence in industrial hiring patterns. 

This replacement hiring, plus the net changes foreseen^ are combined into an 
overall manpower plan. In the large companies/ most/ but not all/ develop this 
plan through successive levels to an overall corporate plan in terms of numbers 
and discipline of engineers and scientists. This information is then returned to 
corporate recruiters to make them aware of the total needs in the individual 
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dtvisions or substdtary compames even though in many instances each operating 
facility operates independently. Most large companies attempt a five- to seven-* or 
even ten^yearmanpowerplan but admit that they are doing a poor job. Such plans 
are^ of course^ updated annually so actions are essentially based on a one-year 
plan. Only a few companies in our sample said they attempt computer modelling 
in their manpower plans. 

In a number of cases therewas really little need for detailed manpower infor- 
mation. These were stable industries (pharmaceutical food) demonstrating slow 
steady growth. Such companies usually maintained excellent contactsat selected 
universities, and when they needed personnel, they went out and got them^ 

The major problem lies in carrying out whatever plans have been made due 
to the impact of economic, governmental and other change. A recession and a 
shift in Government priorities^ such as took place in the early Z970's^ caused 
abandonment of many plans, a stop :n hiring, and in some cases^ even a lay-off. 
Serious impacts were experienced by those companies which are heavily oriented 
toward governmental contracts, such as aerospace. This story is well known and 
has been communicated many times. In fact^ it was over-commun!cated and is one 
cause of our present rapidly developit^g shortage. 

While the bss of Government contract support has a direct and by far the 
most significant impact on industrial employment of scientists and engineers^ 
there are other Government actions which have an indirect effect. Regulations^ 
such as those coming out of EPA. FDA, OSHA, and now the Federal Energy Of- 
fice, inevitably mean that the complying company needs more technical men in 
the lab. tn the plant, and even in the headquarters office. Of the companies sur- 
veyed in our study, only a few had a significant level of direct Government con- 
tracts. The indirecteffects, however, have very definitely been felt by all the com- 
panies. 

{ would like to quote to you, without revealing sources, some of the coir.^ 
ments we received. 1 believe they will give you a clearer picture of how industrial 
concerns approach thi^ manpower problem than any summary I can offer. 
"We establish what we have to do on a project basis every August and 
forecast one year ahead. Then we place a probability factor on whether 
the project will run to fruition. This results in a total workload activity 
which is translated into a manpower level. We then empby people up to 
50% of the forecast manpower level. Although the forecast is for one 
year, it has worked well and there have been no layoffs for over IS 
years." 

'^Planning is for one y^ar and we felt that longer range plannii^g is not 
meaningful We do forecast needs in anticipation of the business we ex- 
pect to do. The effect of Government contracts is not as great as in the 
aerospace industry. The energy crunch is showing its effect now. Also 
we now have an environmental department which we didn't have 
before. OSHA has had an impact also.'' 

The planning cyde is precise and a lot of it is computerized. We plan 
seven ye^rs ahead and builc{ the pbn starting at the operating division. 
Input such as work profect analysis, market demand, funding, and many 
others are included. A two-year operating plan results with a statement 
of manpower required by skill, which is the difference of the known in- 
house skills versus the needs. The seven-year plan is updated. Few 
operating divisions are unable to follow the plans. We have very little 
Government contract work and what we have is fairly predictable." 
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''Oiir manpower plan is on a Z- to 3-year basisand includes all input we 
cati assess. Effective Government poucyis alsocriticaL Mostof our work 
is for the Government. We plan for growth/ and then if we see that the 
level of Government contracts will not match that growth, we increase 
our efforts to penetrate the civilian market." 

"Manpower planning is on a 6- tolZ-month basis, and we used to do 5- 
to 10-year projections. The disruptions in the aerospace industry caused 
us to essentially abandon these efforts. Now we conduct an information 
survey among our various subsidiaries and communicate the job vacan- 
cies we expect over the next 6-12 months. The effect of Government 
policies has been major/' 

"We don't do too well. Bad planning caused a recent lay-off. I believe we 
have gotten $o embroiled in counting people that we have lost sight of 
the overall problem of stabilizing our manpower planning." 

"Our plan is greatly improved this year. Each plant and division now 
sends manpower needs to the corporate headquarters. Every possible 
effect is considered and a one-year plan is made. We have a new policy 
approved by the Company's Board to dampen the hiring cyde. We will 
not go all out in a high need period and will not stop hiring during a 
rece^ion. I believe we have all (i.ev major companies) been doing a pret- 
ty poor job in the past. We are a big company and think we can help 
dampen the cyde/' 

"We have a corporate-wide planning group which works up the entire 
manpower story. They get input from every subsidiary. We have a one- 
year, five-yean and 5- to 10-year plan. The plan may not always be 
followed, but at least it spots trouble areas. We are very concerned about 
better manpower planning and are working on a policy that woi^ld set a 
4:ertain level of hiring each year despite the economy, if enough com- 
panies are Willing to do this, we can tKen commu nicate the action back to 
universities." 

I think it is very significant that the last twocompaniesquotedy and they are 
both major, have already taken steps to consciously modify their hiring in an ef- 
fort to dampen the cycle and stabilize demand. This is the key step on the in- 
dustrial side that can contribute to solution of the problem. 



III. Role of Supply/Demand Projectiom 

Now you will note that' while I have talked a good bit about how industry 
carries out its manpower planning efforts, I have said nothing about the use niade 
of the numerous supply/demand projections prepared and so widely disseminated 
by both Government and private sources. 

Considering the effort that is made to monitor these supply and demand 
trendsy this information is not being used as extensively fr*r industry's manpower 
planning purposes as might be expected. Of the 27 companies contacted, 11, 
although they were aware of the sources, did not find them useful except as 
overall knowledge of supply. Reasons for this lack of use varied. Although 
generally the supply data as published are viewed as quite valid, there were com- 
ments which revealed inadequacies of the data. For many purposes, just the sup- 
ply of Ph.D. chemical engineers is not adequate. Aerospace wants corrosion 
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know'how/ the chemtcalsindustryneeds process contro^etcAnotherprobtem is 
the definition of an engineer (non-degree persons doing engineering v/oik are 
report£<l in many surveys as engineers). 

To give you a flavor of our findings/ again let me quote a few comments 
regardit>g the use of supply data: ; 

'Do not use any of published statistics." 

''Are not used directly and areof secondary interest." 

"Do not pay much attention/ although jj^pcently have been concerned at . 
low freshm^^n engineering enrollment." 

"Not much used except to anticipate costs of recruiting/' 

"Do not use when they become avatla ble. Particularly need information^ 
for engineers." 

"We use EJC data, one example of a local situation relates to ceramic 
engineers. Tids is a tough one. Projects change, demand changes." 

"EJC is very Ijest available, John Alden even validates other sources. 
Haven't needed data on scientists since late I960's/' 

"ASEE is best, due to breakdown by discipline. Generally aware of 
supply/demand situation. Do not use in terms of action." 

Now as to demand data/ these/ as viewed by our sampling of U.S. industry, 
are wholly unreliable. Demand has been forecast verystmplisticallyin the pastby 
such measures as extrapolation of economic and other data, by Government 
agencies/ ad hoc surveys of industry as conducted annually by Frank Endicott/and 
others. 

Attempts have been made to increase the sophistication of demand forecasts- 
One of these was conducted by the Industrial Research Institute in 1972 in 
cooperation with the EJC and SMC. It was reported in April 1973 (UHliiaticncf and 
Demand jet Engineers and Scientists in Industrial Researckl This forecast used as a base 
January I97I and attempted to forecast demand for 1, 2/ 3, and ^ years. Each of 
the 56 companies participating was asked to categorize its response in terms of 
descriptive paragraphs on reliability. Fully 75% stated that their forecasts 
represented "best judgments" or "not a good estimate/ only a guess/' Only 10% 
were "fairly clear" concerning their future demand levels. Regarding available 
supply/demand, 50% assumed that their current experience would apply to the 
future. Finaily,75%of the respondents revealed that they anticipated no specific 
actions in response to the supply/demand picture they perceived or-were only 
guessing about future changes for the purpose of answering the questionnaire. 
Thus, from the IRl experience/ the business of forecasting demand is in its infan- 
cy.. There are no current plans in IRI to repeat this survey on manpower. 
However, a broader survey on research ^trends by IRl is now in its third year. It in- 
cludes anticipated hirings (or layoffs) for at least the coming year. It may offer a 
vehicle for collecting more extensive demand data, at least within that industrial 
group. 

Another example of a sophisticated attempt to forecast demand has just been 
completed by the Engineers Joint Council/ privately funded by industry. The EJC 
study attempted current opening analysis and three-^ and twelve-month forecast 
of openings. It contained turnover, losses/ hiring forecasts by industry group and 
technical discipline. EJC warns of the experimental nature of this demand survey 
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and states that the survey was done to develop methodology and illustrate the 
potential of such surveys. They cite weaknesses such as statistical reliability, 
scope of coverage, need for continued updating, and representativeness of the 
data. 

From the status of demand projections today/it is evident that counsellors in 
high schools and university technical department planners have very little basis 
to use for control of their educational activities. As will be stated later, I believe 
that projections can be improved, made timely, more consistent, better defined, 
and certainly much more reliable. One factor that needs to be continually 
emphasized is the potential opportunity in the technical fields for women and 
minorities/ particularly in engineering where underutilization is the worst. In 
1973, only 1.2% of the U.S. engineering graduates were women, and 1.3% were 
black. Certainly better forecasts would help provide confidence as to the oppor^ 
tunities in these fields, which is such an important ingredient of convincing 
minorities andltv^tneir-toL^iiroll in science and engineering. 



IV. Enhancing Internal Supply 

One way for a company to overcome an inadequate supply situation is to 
make better use of the manpower currently onits staff. Our survey of companies 
did not reveal any new ideas regarding such more effective use of internal 
technical manpower resources. Almost everyone has cducationalassistance plans 
whereby after-hours university courses are reimbursed. Most Urge companies 
have in-house continuing education programs. All felt that they were utilizing 
technicians to a high level of effectiveness and provided equipment and other 
suppbrt, such as computers. A few companies indicated that they believe the real 
manpower rrunch in the next decade will be for very sophisticated levek of 
knowledge, that is for Ph.D.'s who are experts in specialized fields to meet the 
challenges of the very difficult future technotogy. It was felt that this kind of ex^ 
pertise can only be developed by training in the universities. 

My own view is that there is significant room for better use of available 
talent. For example, better training and continuing education of technicians 
should have considerable impact. One innovative idea we ran across was to 
retrain B.S. chemists, who currently are in good supply, to chemical engineers. 
This would be done under contract with a local university, and perhaps on com- 
pany time. But only so much can be done with internal supply. 



V. Improved ^pply and Demand Management 

It is clear that if we are to improve the supply and demand situation overall, 
we need Setter management of both/ management in which U.S. industry, the 
Government, professional societies/ and the educational community must all be 
involved. In our discussions with this cross-section of U.S. industry planners^ we 
found much concern and desire for action along with some existing good planning 
technkjues and new ideas. 

A. Stabilizing Industry Planning. First it is apparent that industrial scientist 
and engineer staff levels and hiring patterns must be stabilized in contrast to the 
cyclic swings of the past. Each individual compan> must improve its manpower 
planning. Some companies will need to take the stepof corporate-wide centraliza- 
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tion of such planning. Firm plans are needed for at least one year ahead^ and 
reasonably firm commitments for five years. Ail of'the traditional inputs need to 
be used, with the obvious flow from needs for technical work to the hiring goals 
provided, recru iters. 

Seconds innovative planning techniques are needed and those in existence 
need much wider application. Some are already bdng used, such as a hiring target 
to produce a technical staff below maximum future need (say, 60%) and possibly 
contracting-Out or postponing lower priority work. Division or departmental 
management can exercise its control based on dollars, rather than on specific 
manpower levels, thus providing technical managers with more options to 
dampen cycles. Minimum hiring go^als, regardless of the economy, need tobe set. 
Itisevident that "dead wood" shoutdnot be allowed to accumulate in any depart^ 
ment, only to be weeded out during a recession. One can conceive of a model that 
would relate manpower levels to a combination of parameters^ such as return on 
Investment, sales, manufacturing volume, etc., coupled with a hiring plan that 
would vary annually only 20% in reaction to change. This opposed to the pa st un* 
desirable extremes of stopping hiring completely or maximum employment and 
even stockpiling in periods of manpower shortage. 

To the extent that companies within aninduf^try usea given specialty, si!ch 
as corrosion engineers, it may beu seful somehow, perhaps with governmental or 
professional society assistance^ to pull together their stabilized manpower 
demands. The total might be enoughs in many cases^ to represent a substantial 
portion of the future supply in that individual technical discipline. 

Thirds given better and more stable manpower planning, individual company 
top management must back the plans, and recognize the company commitment as 
part of an overall effort at the national level. Exceptions should be discouraged 
except where company survival is really threatened. 

Fourth, if better demand figures are available, their communication and use 
are essential if education is to react more accurately and reliably to dampen the 
supply swings. Better demand figures can result from the corporate planning im- 
provements described. The communication step will require closer cooperation 
between Industry and education. The traditional activities of scholarships, 
summer jobs, etc.^ must be continued and expanded. New concepts, and perhaps 
an extension of successful but limited practices such as cooperative education at 
the undergraduate and the MIT Practice School at the graduate level, need to be 
greatly expanded to bn. ^ industry and education closer together. 

B. Role of Government. In the introduction I mentioned the National 
Academy of Engineering August 1973 report, "Recommendations for the 70's." 
Rather than summarize the report further. I would commend you to its reading 
and remind you that it recommends a key role for Government in the future. In 
the past^ such occurrences as widely changing funding of graduate work and of 
defense and space contracting have obviousand devastating effectson the man- 
power supply and demand situation. The very least we can askof Government is 
to monitor the implied manpower supply/demand impacts cf its policies and 
programs. Ideally we should seek moderation of those programs when they 
threaten a severe manpower impact. I would comment on one simple, very small 
example that apparently is occurring today. IDespite the fact that the current de- 
mand for chemical engineers exceeds the supply, the U.S. Immigration Service 
and Department of Labor are still operatingon th^oppo site premise. The result is 
that complicated and time-consuming processes are required to obtain approval 
for a chemical engineer to enter the U.S. 
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C Feedback to Colleges^ Universities^ and Secondary Schools. We have 
stated that if industry (and others) can indeed provide better and more stable 
manpower planning, then demand data can be better defined and will be received 
with a considerably higher conficfence level. Such demand mformation must be 
communicated to the entire educational system. The very recent experimental 
studies by the Engineers Joint Council and IRI provide a possible blueprint for 
future demand reporting. Whether it be the Engineers Joint Council, individual 
professional societies, the Bureau of Labor Statistics, the U-S^ Office of Educa- 
tion, or the U.S. Office of Management and Budget (as recommendedin theNAE 
report), responsibility for the collection and communication of the demand 
statistics must be centralized and so organized and funded as to provide a con- 
tinually updated flow of valid, understandable and detailed information to the 
colleges and high schools. These data should reflect demand created by Govern- 
ment programs, as well as industry demand. Our educational institutions would 
then ha ve responsi bility for commu ni cations to students of the evident ca re^r op- 
portunities and for the professional guidance of such students, bnprovementof 
professional guidance is badly needed. 

What more can be done to ensure a balanced response by students to the im- 
proved demand forecasts is not clear. Industrial support via scholarships, 
fellowships, and teaching awards wilt obviously help. Careful, thoughiful articles 
in the educational and technical journals^ avoiding "scare or hard-ielK' tactics, 
would also be helpful. The same applies to individual company activities. 

I suggest that the role of industry, and other oiganizations which use 
engineers and scientists, when providing speakers and information to high 
schools at the local level, should be to stick to objective facts of what the various 
scientific and engineering jobs contain and to limit remarks about supply and de* 
mand to authoritative sources. The recruiting of talented high school students 
for career opportunities in engineering and science should be the function of 
colleges and universities, using such improved data as we have described 

One can even speculate about the utility of a nation-wide computer hookup 
that would provide college and graduate school counsellors with current data on 
course enrollments^ as related to anticipated future demand. If available daily 
during ^'registration week'^^ it might assist those counsellors in balancing student 
response. 

iVlaylsayln closing, there is no doubt in anyone^s mind here, lam sure> about 
the challenge we face to improve the total technical manpowerplanning process. I 
am optimistic about the effectiveness of the steps that are available to us. I 
further believe that we must act decisively and soon^and lamconFident that U.S. 
industry will cooperate fullyinanycomprehensiveprogramatthe national level. 

Thank you, and I appreciate the opportunity to present an industry view^ 
point in this critically important Seminar. 



117 



112 



6. Student Motivation and Career Choices, 
A Panel piscussion 



^^^Keiiiicth E. Clark, Presiding: 
Dean/ College of Arts and Sciences 
University of Rochester 

This panel-dLSCussion places emphasis on students; on what they do, and on 
what kinds offactors influence their careerchotces. If we examine the progress of 
an individual student from high school through graduate school andintoa career/ 
it becomes apparent that what has happened is orderly in form/ and rational in 
terms of the information available to that student. If we could somehow ac- 
cumulate all those separate experiences/ we would learn that the student knew 
more about the whole process of choice than any ofus profess to know. A variety 
of numbers and formulas/ and the like/ are being presented at this meeting; 
perhaps at this session we can flesh out those formulas soas to better understand 
the manpower process. 

Certain things are known about bright young people. They start out more 
interested in the world around them than anything else; they prefer to do things 
in the natural sciences. This is partly because they cometoperceive in high school 
that if you aren't in the natu ral sciences, you aren't very smart. And besides/ their 
high school social studies teachers seem to be fairly mediocre compared to their 
science teachers. In college/ however/ these students discover that p^^ts and 
others can be pretty smart, and a number of them leave the natu ral sciences— it is 
a national trend that interest in the natu ral scienct^s is diluted by virtue of college 
attendance. The student who goes to college is broadened in interests and moves 
irtro domains not considered in the light of previous high school experience. 

Another thing we know is that students chose occupations according to a 
fairly stable set of variables which are related to individual preferences and in- 
terests. These expressions of preference/ or of motivation/ are more important 
than aptitudes. Thorndike and Hagen, in Jm Thousand Otreer$t suggest that the 
variation of ability measures between different occupations is not as great as one 
would think. The important variables in careerchoicetendtobe the motivational 
variables. People filter into careers in which they c^n do the things they want to 
do. 

One wonders where students get the information which leads them to make 
the decisions they do. Looking at these students, we conclude that there is a 
rational/ orderly decision process at work - Further, each of these individual sum- 
mators of information does a better job than those who try to project behavior 
with mass statistics. If somehow we could understand better that small i^nJt, the 
single human being, we would achieve more accurate resuhs in our projections 
about student trends. 1 1 Q 
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Another point worth noting is that we know something about the wayiii 
which individuals move into jobs and then change the nature of these jobs. The 
individual and thejob interact. A person 'decides he is going to seek education in a 
particular area. He does'st>and after that continues tadevelop. Whatever the job, 
it is changedbyvirtueof this person's interests in the same way that he is changed 
by virtue of the job's demands. Something vyill be omit ted from our analyses if we 
do not incorporate, in some way, understanding of the interaction between the 
demands of the job and the interests of the individual. 

There are some interesting studies oflhis interaction. Men who eventually 
become admirals in the Navy iVledical Corps are men who did not like being 
physicians; they were trained as M.D.'s, but they look like administrators. Men 
who end up as labor union leaders in the electricians' union are men who do not 
look like electricians; they look like poiiticians, and they got out of electrical v^ork 
by becoming union leaders. Others get out by beinj electrical contractors; they 
look like entrepreneurs. 

Nearly everyone changes his job a little bit to make a fairly good match, but a 
serious problem develops when a person makes a deciston^too soon and finds 
himself in a position where he and the job are not compatible. Such a personneeds 
toberetrained. Another kind of problem occurs when a person is perfectly suited 
to his job, but the job is eliminated. This person must be retrained or else must 
^nd another place where his training and skills can be used. 

In short, then, this session deals with humai\ beings— ind*viduals^and how 
the whole business of manpower relates to individual decisions. 



Lee Grodzins: 

Professor of Physids, Massachusetts Institute of Technology 

We are all aware of the complex factors which motivate carecTr cnoices. We 
know that all toooften,simplist]creasons are simply wrong. Permit me to remind 
you that the conventional wisdom still is that Sputniks streaking across thestars^ 
so glamonicd the field of physics that students flocked to the field. The 
fallaciousness of that myth is demonstrated by Figure 6.1 (which many of us have 
come to call the anti-Sputnik graph), which shows the yearly output of bac- 
calaureates in physics in the United States. If the space age opened the tap of 
physics majors then we should have seen a rapid growth of baccalaureates in 
physics starting three to four years after the satellite launch in 1957. But that did 
not happen. Instead^ 1961 was the year of smuraihn of baccalaureates in physics; 
for the next decade the number of f^ysics majorsremained roughly constant. Did 
Sputnik not have an effect on the output of physicists? It certainly did— but in the 
graduate not the undergraBuate enrollments. The satellite age ushered in rapid 
increases in graduate student support. And students followed that support. In the 
early 1960's the ratio of first-year graduate enrollments in physics to the number 
of B.S. degrees in physics a year earlier rose rapidly from 0.35 to plateau at nearly 
0.55. You will not be too surprised to learn that that ratio started to fall in the late 
1960's, when student support money declined, and is now back to about 0.35. 

Having made the point that we must be skeptical of one-dimensional 
motivations, apart from those due to direct financial support of educational 
careers, permit me to record the observation that there is a commonality to 
motivating forces of undergraduates which crosses geographic boundaries and 
prestige cIaf.sifications of schools. How else can we explain the fact that the 
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specific percentages of physics baccalaureates matriculating to graduate educa* 
tion far removed from pliywcs; i.e., medicine/ law, economics, engineering, are 
about the same for MIT as for all the schools in the country? I suspect that stu* 
dent niobility carries career information rapidly among undergraduates so that 
fads in one area, such as the Northeast/ spread <iuickly and b^me national 
trends. 



Figure 6.1 

Bachelor of Science Degrees in Physics 
Per Year, 1954-1970 
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The connection between enrollment figures— often used as the measure of 
student motivation^and finandal support/ is unequivocal. We first consider that 
connection for physics alone, then consider all graduate departments of science in 
order to show the effects of the massive reductions^ in government fellowship 
funds specifically/on graduate enrollments/ and to see how graduate schools have 
used what flexibility they have to soften the impact of those cutbacks. 

Graduate school is a special market place with inertial forces which moderate 
rapid changes. But Government cutbacks of student support have been so great 
and pervasive that institutions have been unable to absorb much of the impact; 
the result has been a one*to-one correlation between the dedtne in government 
support and the decline in student enrollment. To demof^strate that correlation, 
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consider Fig* 6.2, wHch shows the enrollments, according to type of support, for 
physics graduate students for the years 1967*68 through 1972*73. Overall, there 
has been a decline of 2,703 full-time graduate students. There has been a 
corresponding decline of 2,701 full-time students supported by government 
sources. Not only the magnitudes, but the rates of decline match. Can anyone 
doubt that Government support is a main driving force behind graduate 
enrotbnents and hence graduate education,? 



Figure 6.2 

Enrollments for Graduate Students for Years 
1967-6S throu^ 1972-73, as Related to 
Government Support of Students 
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To see the effects of the reduction of felbwship support in alt sciences, not 
just in one discipline,we present, in Table 6.1, the first year and total enrollments 
(full-time) by type of support, for FY 1969 and FY 1972, for all (matched) graduate 
departments and for engineering/ physical sciences^ and life sciences separately. 
The total number of first*year graduate students declined in those fouryears by 
4^32; fellowship support declined by 3/953. The total student body declined by 
4,951 students/ much less than the precipitous drop of 11,523 supported by 
fellowships, most of which were Government supported; institutional funded 
fellowships actually increased. Teaching assistantships,whichdroppedforenter- 
ing students/ increased for alt students. The details for the different fields differ/ 
but the explanations are similar. 



Table 6.1 

Some Compifttlvt Nimbtrt of FuthTime 
Gr«dMte StuclenU & Tti«lr Support for 1969 & 1972 
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^, Supported by Teach. Asst. 
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22^ 
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Total Studems 
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1,142 


5^4 
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Supported by Res. Asst. 


U56 


5,175 


1,290 


5,271 


*66 


♦96 


Supported by Teach. Asst 


1,368 


5,319 


1,695 


5.714 


-193 


4395 



SOiif«« National SCf«nc« FOwnd«fiOn 



The Federal goverrunent supports students mainly through fellowships and 
research assistantsh]p&> while institutions support mainly through teaching 
assistant ships and partially through fellowships. The reduction of fellowship 
support was direct and unmitigated. The loss of support for research 
asslstantships was one of the consequences of declining research support. The 
response of the graduate schools to these reductions was also different. Research 
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assistantships are largely under the control of individtial professors who obtain a 
direct benef 't from maintaining their numbers and who can do so in part/ since 
contract funding has some flextbiUty. Similarly/ teaching assistantships/ under 
the control of the department/ are needed to carry out service load functions/ 
which have not diminished. Fellowship students, however/ have no guardian 
angels other than those who seek excellence in student bodies. But excellence/ ^ 
though readily defended in the abstract/ is poorly protected in the realities. By and 
large/ fellowships are considered, by most departments and by most professors/ 
to be the sauce on the meat/ making the meal memorable and worth a side trip/ 
but not essential for survival 

Given these market place forces/ what happened seems clear. The response 
to the drop in fellowship funding at the first-year graduate level was simply no 
response at all. The universities took the loss and had fewer students; and much 
fewer outstanding students. (First-year reductions In enrollments for all 
graduate departments correlate not only over the 4-year span/ Table 6.1, but on a 
year by year comparison as welD. The loss of fellowship support of those beyond 
the first year could not be ignored and teaching assistantships were diverted from 
first-year support to second-/ third-, and fourth-yearstudents who had lost their 
support. Moreover, universities added 3/000 teaching assistants and increased 
their institutional fellowships by another J/000. These measures have done much 
to offset the loss of fellowship support in those fields where research 
assistantship support could be maintained. When, as in many of the physical 
sciences/ this was not possible/ the total loss of students has been even greater 
than the loss of fellowships. 

The overview sketched here is confirmed in the more microscopic examina- 
tion; physicG/ Fig. 6.Z/ is one example. Government support, in particular 
fellowships/ is a principal driving force at this time behind students going to 
graduate school. 

To the question/ "Why do other people keep enrolling in graduate schools 
when fellowships have just about disappeared?''/ Dr. Grodzins responded/ saying 
that if the student perceives a poor market place, he will stay away from that 
market place. Further/ the student perceives graduate school as a lot easier than 
working. If he can possibly get support/ he will go to graduate school. He thinks 
that graduate school wilt increase his options. He cannot believe that more educa- 
tion is going to give him a less viable position in the market place than less educa- 
tion. When confronted with the choice of subsidized graduate education or an un- 
desired pb/ he chooses the former. If the graduate support is not offered/ he 
chooses the latter. 



Kenneth £. Clark: 



The trouble with tackling the motivation problem by looking at physics 
students is that we are dealing with students who know they can make it in 
physics. If they can get in/ they will. These students tend to be absolutely secure 
so that if manpower studies are oriented only toward them, then a very impor- 
tant part of the total group will be missed. Dr. Walter Oi will speak later in the 
conference about the student who assesses the uncertainties associated with a 
given decision. ^ 
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The pre-medical student's assessment of the future is very interesting. Many 
students in this group have a low probability of being admitted to medical school 
yet they stay in pre-med programs because the expectancy is fully satisfactory to 
them; they play the game in spite of the fact that the odds are strongly agaliist 
them. Further^ as Dr^ Gordon has pointed out some of the pre-med's end up 
studying medicine in thrPhilippines^ because they believe it is worth that l;ind of 
investment in order to get ahead. Part of our study must indude a look at the 
calculus in which the student is involvedas he tries to maximize his lifetime earn- 
ings and his lifetime satisfaction. 



Lowell h Paige; 

Assistant Director for Education, National Science Foundation 

I would like to point out some observations that have occurred to me in my 
review of student motivation and career choices. For individuals in elementary 
grades and even through the eighth grades there appear to be no reliable predic- 
tors for future vocational choice. Note that the NSFprogram, Careers in Science^ 
begins at the secondary level. In the elementary grades ability is not a vocational 
factor or predictor to any extent. Ability may predict that a pupil will go on to 
college/ but it is not a predictor of the field of specialization. 

For the high school years^ anecdotal experience seems just the opposite of the 
facts: thus^ there is a need for more research if programs are to be developed for 
the purpose of motivating students toward science. For example^ there are 
several intriguing points in the literature on motivation which run counter to 
anecdotal experience; 

• Urban schools (l^rge schools) seem to have a higher percentage of 
students going into science than rural schools, 

• High school courses^ good or bad^ do not seem to influence career 
choices- 

• High school teachers have little influence on career choices. 

The literature abo shows that high school science students^ as a group/ have 
the highest abilities^ and that mathematical knowledge has a high correlation 
with career motivation in science. 

Another point to be noted is that as students move through their elemen- 
tary# high school^ and college careers in the physical sciences (and to a lesser ex- 
tent in the biological sciences) there is a continual outflow of career choices/ but 
hardly any inflow. This may be changing with more open schooling and more 
choices^ but it would seem consistent with our intuitions. Another somewhat 
surprising point is that the one best indicator of career intention is obtained by 
asking the student directly what he wants to do. Perhaps one way to answer 
questions about manpower/ then/ is to ask students what they plan to do. 

Going on to college seems to be influenced by the following variables: sex# 
general academic ability/ parental expectations/ and social class. Teachers and 
peer groups also have some influence on the level of education to be sought. At 
the college level the significant variables which influence career choice are; sex# 
individual interests, aptitude/ and father's occupation. Another influence is peer 
group interest/ and this is definitely the case in the choice of science, Socio^ 
economic status has little bearing on career choiceat the college level. In the early 
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years of the undergraduate level there seems to be no distinction between choice 
of mathematics/ physics* or chemistry. Thereare no predictors which distinguish 
among these three areas. A student who can go into one of these areas could go 
" into either of the other two. Another matter which runs counter to anecdotalex- 
perience is that blacks seem to be no more underrepresented in science than in 
other fields, except perhaps engineering. A surprising point which runs counter 
to what we hear from the colleges is that if prior influences toward career choices 
are removed* colleges'have no effect on career choices; that is, the particular 
college that one attends seems to h^\7&no influence on career motivation. Even in 
college* however* science require^hi^h ability andaknowledgeof mathematics. 




One last comment* and that deals with manpower analysis and natfonal 
policy. The colleges and universities are confronted v^ith affirmative action. It is 
clear that any reasonable action on their part must depend on the available 
numbers of minority students. The supply is almost non-existent in engineering 
and only slightly favorable in physics* mathematics* and chemistry. With these 
obvious needs we are trying to introduce programs which will motivate minority 
students to go into basic research in the physical sciences. We are trying programs 
at high school* college and graduate levels* even though we do not knov^v^hat the 
motivational problems are. 

Lloyd M» Cooke: 

Director of Urban Affairs, Union Carbide Corporation, New York, 
New York ^ , 

I wish to respond with a few insights and experiences which relate to the 
problems that face industry in attempting to establish realistic goals and 
timetables on recruitment and placement of minorities in science and engineer- 
ing. There is a critical problem with regard to the supply of minorityengineers. 
Last year there were only 400 to 450 minorityengineers among the total of about 
40,000 graduating engineers. With targe companies such as iBiVt Union Carbide* 
DuPont* Standard Oil of Indiana* etc.* competing for these minority engineers*it 
is impossible to achieve our national goals of widespread placement at this time. 

For example* at Union Carbide approximately 70 percent of the college B.S.* 
and Ph.D. recruitment has been in the areas of engineering and science. 
Thereare just not enough women and minority graduates in these areas toenable 
industry to fully meet its affirmative action requirements. 

The "role model'' concept has been used in regard to the motivation of youth 
and is an important part of that motivation. Personally^ however* as I have 
become more and more involved in minority and ghetto youth motivation! find 
that the problem goes beyond so-called "role models/' G>nsfder the implications 
of a different term, "zero factor"or"out-of-mindedness." For a person living in a 
society in which certain phases of that society are legally or otherwise excluded, 
one can survive only if he literally wipes out of mind the shortages or the lack of 
opportunities with which he is confronted. When I was growing up, building 
model airplanes, and deciding naively that Hiked science and engineering and es- 
pecially aeronautical engineering, my father (an architect) said to me* "Forget it!" 
This was my first lesson in wiping something out of mind. 

Later I went into science^nitially with medicine as an objective. Inapre-med 
program I found I liked chemistry, and with calculated risk decided on industrial 
chemistry. This is an anecdotal story* but I am now convinced that in v^orking 
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with minority youth it is essential also to have role models. U is alsoTmportant to 
get youth into laboratories and industrial operations as early as possible during 
their high school years. For two years. Union Carbide has had a fairly successful 
program in its Nuclear Division at O^k Ridge. This is called a pre^co-op program, 
and interested Appalachian white; Indian, and black high school youth are 
brought to Oak Ridge; their teachers must indicate that they have potential for 
work in scknce or mathematics. The students are then located in laboratory 
groups or plant groups; as safety rules and laws permit. We began the first year of 
the program with ten students; the second year there were fifteen. As you might 
expect; these students havea tremendous impact on their peers when they return 
to high school. At one school; a student was talked into accepting a summer posi- 
tion the first year of the program. The next year there were eight or nine 
applicants from the sam^ school and of this group; no more than three had been 
tending toward mat^mattcs or science as a possible career choice. 

Another more general program comes out of a street academy operation in 
the Peter Stuy vesant ghetto district in Brooklyn. This is a program exclusively 
for youth who have failed to make it in the public school system, but who have 
sufficient interest in what is going on at the street corner school to become in- 
volved. Some 350 students have completed the program since its beginningseven 
years ago. Of these, 85 percent are either in college, gainfully employed, or in 
vocational training. 

A key ingredient of this street academy program is a specific set of projects 
designed to demonstrate the relevance between an education and one's options 
and opportunities in life. In other words; the program attempts to remove the 
"zero factor." It is appalling to learn; and be reminded consistently, that most of 
these youth have not discerned that education is relevant to later opportunity. 
Even if they have been told; they do not believe that such a relationship could ex- 
ist. 



General Discussion 



Following the panel presentation; comments, questions and responses were 
offered on a variety of topics related to the black experience, motivation and in- 
fluence on career choice quality of Ph,D.'s, and departmental traditions with 
respect to support of students. Particular points were made as follows: 

• It is time that we deal more carefully and consistently with information 
which we hope will affect the behavior of young persons. But the "we" 
has to be a collective; it isn't a singleagency of government, and it can't 
be a single source speaking. Some black youth receive or perceive infor- 
mation which says that certain occupations are not open to them; while 
at the same time other sources are trying to say that these occupations 
flrf open. Young people are tested against a total system. Part of this test 
is their competence/ partis theiracceptability; and part may be accidental 
opportunity. 

'* There has been a rather striking change in the major field of study of 
black male students. There have been a number of programs at 
Southern black colleges to reorient students away from teaching 
careers. The percentage majoring in business administration and ac- 
counting has, as a result/ significantly increased. Engineering 
enrollments have gone up a little. Even though more and more black 
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. -e^ Students are going to Northern schools, a full forty percent still attend 

Southern black colleges. More Federal money should be spent for 
developing strong engineering program? tn black colleges. -There are 
now six black colleges with accredited engineering programs.. 

* Arecent article in the NfU>y4n'l:Timf5reported that black kidsatEvanston 
High School a very good high school, had more or less segregated 
themselves and apparently were dropping out because of zero motiva* 
tion to pursue an academic career. It seems that family environment and 
peer group pressures dominate everything else. Unfortunately, those 
things that can be brought to bear against thesebasic pressures, through 
counseling and anything else^ are fairly superficial! E>r. Cooke replied, 
"Right now it's not hip or cool for a black to be with the man's system*" 
Black students in the street academy system had been in the group that 
dropped out partly because of peer pressure, yet when these same youth 
are exposed to the fruits of academic success, theysee a relevancy. They 
can go back into the public school and do well. 

Hugh Folk* noted a similar drop-out with British working class 
children. Welsh students are not motivated toward academics either; 
peer group pressure begins at a very young age. The very strong British 
class differentiation seems to account for these attitudes. Scottish 
children, however/ are of a different tradition. 

* Robert H. CHcke** presented an illustration (Figure 63) which shows 
comparisons of natural science doctorate awards to other doctorate 
fields plotted as a function of time. Two events might be expected to in- 
fluence the curves: one, the beginning of federal fellowship support in 
1946 to scientists; and the other, the space program. Also during this 
period beginning about 1946, science faculty were being better paid 
relative to non-scientists. 

For the purpose of the aggregated figures, engineers are regarded as scien- 
tists and social scientists are classified as non-sdentists. Figure 8 shows that the 
data from 19Z0 through 1970 plots essentially on a straight line with a standard 
deviation of no more than 10 percent from the meaninthatwhote period of time 
which encompasses both the depression and World War IL Apparently then, so 
far as these aggregated numbers show, various economic factors have not ap- 
preciably affected the motivation of students toward choice of science versus 
non^sdence degree programs, even though there are all sorts of reasons for the 
ratio to rise. 

* In order to understand the student motivation which led to the almost 
constant ratio described above, an analysis of cohort data on file would 
be required The data are available, but they have not been analyzed in 
terms of student perceptions and motivations. Existing longitudinal data 
sets such as that available from National Merit Scholarship surveys and 
Project Talent should be examined with reference to very explicit 
questions such as have been raised in this discussion. ^ 



* Director. Ccnicf for AJvjnced ComputJiion, University of Illinois 
** Cyrus FoRjj Brjckcti Professor of fhysics, Pnnceton University 
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Figure 6,3 

Comparisons of Natural Science Doctorate Awards 
to Other Doctorate Fields, 1925-1969 
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SOURCE: R. H. Dicke from ''Monpower Demand Baied on Need 
rattier thsn Demand for ScieiKo" (MSB '-72'- 136) 



• Dr. Crodzins commented that ^Jt MIT it is not possible to predict what 
majors the entering classes will choose. Students are admitted on the 
basis of mathematical and scientific aptitude; 20 percent want to major 
in mathematics, 25 percent in physics, but the fact is that once started, 
students change fields and there is noway of predicting that. Dr. Clark 
responded that it appears that the fundamental motivations which in- 
fluence career choice are relatively stable over time. There appears to be 
an orderliness of motivation over a period of time. This orderliness is 
heartening, since so much is unknown about the pressures which lead 
people to career clioices, and about the degree to which those interests 
are intrinsic in the individual— so much associated with successes in 
some activities and failures in others that they can't be changed under 
any circumstances. 

• What attempts/ if any, have been made to study Ph.D.'s five> ten> and 
twenty years out of school in terms of their motivation for career 
choice?Dr. Clark answered that there have been suchstudies,but that 
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none m particularly fruitful. It appears that the proper kinds of 
questions to ask are those which ask the subject, wha^ he Itkes to do; 
preferences seem to correlate with actual career decisions. Questions 
about motivation/ as such, don't work very well. For example^ there may 
be nothing in common between psychologists who experiment with 
catSforwire up monkeys/or watch the lever-pressing of rats/or counsel 
patientSf or work in the ghetto, or go into school systems except that 
they wanted to do something to make human beingsr better. 

In regard to the study of^ .D.'s as rated by the quality of the degree, ex- 
amination of the period of the early to mid-1960's shows that the quality 
of students applying to medical schools dropped, while the quality of 
students going into the sciences rose. Furthen when fellowships were 
cut/ graduate enroUmentat the prestigious schools dropped/ so there are 
trends which reflect back on quality of the degree. 

Certain disciplines have a tradition o( not admitting graduate students 
unless they can be supported,and therearedepartments at some schools 
in which lOO percent of the graduate students are supported. For these 
situations a loss in. support means a cut in enrollment. On the other 
hand/ there are departments without such a tradition; they may support 
only 25 percent of their students. This is just oneof the irrationalities of 
the educational system. 
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7. 1972, 1980 and 19f 5: Science and Engineering 
Doctorate Supply and Utilization, 
Discussion of a Draft Report 



This chapUr is hasti on Dr. falk's oral presenlaiion, tkt quisthns and iiKusston wkick followed, 
and on ikt draft tf h\$ paper. 

Charles E. Falk; 

Director, EHvision of Science Resources Studies 
National Science Foundation 

NSF is in the process of revising its previous two projections of science and 
engineering cloctorate supply-utilization relationships. We are in the midst of 
developing this latest projection^ so tliis review illustrates some of the soul- 
searching which goes on while one is trying jo produce credible projections. 

In X969 we developed projections of the supply and utilization of science and 
engineering doctorates. At that time we decided that we would review such doc* 
torate projections on a regular periodic basis because of the potential of rapiH 
change of inherent factors. In 1971 we produced the initial revision of the doc- 
torate projections, incorporating new data and improving the methodology. 
Right now we are well into our second revision which has reached the following 
stage: we have revised the methodology and this new methodology is described in 
the draft paper. I want to emphasize that this is still a very tentative methodology 
becausfi--. as will be seea. some aspects turn out to be logical but not (feasible with 
existing data; other elements of the methodology should probably be still im- 
proved even for the current projections. 

Let me start out by mentioning a few of the new features of our current pro- 
jection effort. Obviously^ we now have additional data for three more years. This 
is especially important because when we made our last projections in 1971, it was 
clear that the technical manpower situation in this country was in the mid die of a 
period of transition. At that time, demand and supply were at best in equilibrium, 
as compared to the shortage situations existing during most of the sixties. 
Furthermore; there were already strong indications that we were headed for a 
lengthy period of disequilibrium. The new data seem toconfirm this. Another im- 
portant change is represented by drastically new R&D expenditure projections 
which have been incorporated into our calculations. Our approach to academic 
employment is also different, as is our approach to projection of non-academic, 
non-R&D utilization. 
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We also have new base data from which to start our projections. The 1969 
base/ which was used our last projections^ had to be built up from a variety of 
surveys of different respondents and methodologies r This time, we have data 
that is basedon a single survey. This informationis the first product of oneof the 
components of the newliSFManpowtrCharacUrisUcsSifSiem which took the placeof 
\heNaUonalRigi$ier. lam referring to a new surveyof U.S. science and engineering 
dcrtorates which is carried out for us by the National Research Qiuncil. Finally, 
we have extended our projection period to.l9S5. 

These are some of the changes. I should also point out that there is one 
feature which we have kept the same. We are still only addressing ourselves to 
total areas of science^ such as the physical sciences, and not to particular fields^ 
such as physics or chemistry. It is not that we are unsympathetic to the need for 
highly disaggregated forecasts; we recognize that need. But we also recognize 
that interdisciplinary mobility is an important facton especially whenonelooksat 
an individual discipline. We still know so little about this phenomenon that we 
believe that disaggregation of forecasts beyond the broad arepsof life sciences^ 
physical sciences^ engineering/ mathematics and social sciences will not be very 
meaningful. 

Methodology 

We have tried to use two different frameworks for these projections. One we 
call the basic model. It essentially extends recent trends. It assumes that past 
patterns will remain pretty much the same or follow trends similar to those 
observed primarily during the last five years. Many of these recent changes have 
been quite abrupt. Since westilldo not really know whether these changesareof 
a long-term nature/ we dampen them by basing our projections on the last ten 
years but giving twice the weight to changes observed during thelas^t five years. 
The selection of a five-^ year period for this double weighting is not arbitrary, since 
it represents the period during which this system started to deviate from 
previous long-range trends. * 

Our market model modifies the basic model by incorporating some changes 
which could be expected from market interactions, namely/ reactions of both de- 
mand and the supply to imbalances between these two features of the manpower 
system. In other words, if the utitization-to-^supply ratio is less than 1 then our 
market model tries to reflect this. Typically^ we show the effect on demand 
through a parameter we call enrichment, an increase in the ratio of doctorate to 
total scientists and engineers. Wherever possible we use actual data to determine 
future enrichment trends in th^hiringof new scientistsandengineers in various 
sectors of the country. Generally, since our basic models indicate relative sur- 
pluses/we increase the doctorate to total ratios. That is why we call it enrichment. 
This aspect of the market interaction tends to reduce manpower imbalances. 

However/ there are also negative market demand impacts due to factors 
which are responsive to markets other than the manpower ones. For example^ 
consider the financialdifficultieswhichuniversitiesare experiencing. If these will 
persist, as we assume^ they will very likely have the effect of increasing the ratio 
of students to faculty. This/of course, willhave a negative effect on the demand 
for academically employed doctorates. 

On the supply side, these market effects would be reflected in either in- 
creases or decreases in the number of students that will obtain science or 
engineering degrees. 1 will discuss this feature later in more detail 
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I should point out that even our basic model really incorporates S9me implicit 
market response components. Since our projections place special weight on the 
trends of the last Bve years^when the supply had alreadyb^gun to react strongly 
to imbalances of the market, we are really using a static or non-recursive market 
approach. I will discuss later our attempts toconvert this into a dynamic or recur^ 
sive approach. 

While our basic methodobgy might sound somewhat mechanical, it is not 
mechanical at all. For example, whenwebokatthe relative decreases in new doc- 
torates which are occurring now due to market imbalances, wc do not just blindly 
assume that they will continue into the future. Rather, we examine the factors 
involved and make a judgment. 

Our method is one of several which has b^en called the constant coefficient 
method. This is a little puzdittg, because our coefBcieiits do not necessarily stay 
constant. On the other hand, f would be the first to agree that our method Is cer^ 
tainly a simplification of some of the undoubtedly more realistic, but up to now 
-only theoretical, dynamic market models about which you will hear more later on 
in the conference. 



Supply of Doctorates 

It may b^ useful to talk about supply and get an idea about the relative 
magnitude of the components. Essentially four elements are considered: tLe 

firoduction of new Fh.D/s, immigration, emigration, and attrition of the base 
Figure 7.1). Attrition is a relatively important factor, but it is completely out- 
weighed by the production of new Ph.D.'s. We have revised our supply modd 
somewhat from the one we used for the last study (I97l). 

Science and Engineering Doctorate Degrees. The {^a^frmafiW consists of actual 
data and projections to 1985 of five phases of the higher education process: en<- 
trance into college, acquisition of baccalaureate degrees, entry into study for an 
advanced degree, then to the earning of Fh.D.'s, dnd the magnitude of total 
enrollment for advanced degrees. Trendsaretakenby sex only up tothe entrance 
to college. After that, we collect and develop information by sex and by major 
field. What we do essentially is look at continuation rates in this process and the 
trends which have occurred. Half of the IS-year-old population went to college in 
1970, 15 percent are likely to obtain science and engineering baccalaureates, 4 
percent will probably enter into graduate science and engineering study, and 1 
percent of the group will obtain a Ph.D. degree in those areas. 

There are a variety of problems which should be mentioned. For example, 
assumptions about the ratios of first-year graduate students completing the 
Ph.D. degree may not be correct* For a long time that proportion has stayed con- 
stant, but in the last two years it has decreased markedly. As Allan Cartter and 
others have pointed out, some of the reasons for this change have clearly been 
one-shot phenomena, such as the discontinuation of the draft. However, other 
reasons, such as the response to a labor market which was not very favorable in 
the very early 1970's when these students were in the middle of their graduate 
programs, could be of a more enduring nature. Now, the dilemma is this: even if 
labor markets will continue to be somewhat unfavorable, will students continue 
to react the way they have over the last four years? Or was there a one-time ad- 
justment when we passed from a very favorable labor market to one which was 
not so favorable? We cannot ignore the recent changes. What we have to decide is 
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whether we should extrapolate the trend of the last two years over the next 
fif tcen-year period or whether we should consider it as a one-shot phenomenon 
and ignore it, and keep the doctorate-to-first-timc*graduate-student ratto con- 
stant at its last value. 



Figure 7 A 

Incremental Soience and Engineering Doctorate 
Supply. 1972-1985 
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As for the market aspects of our supply model 1 think that probably 
everyone here is in agreement that market factors play an important role with 
respect to supply. We tried to incorporate a market feedback loop based on the 
supply-to-utilization ratio derived from our basic model. This feedback factor 
was to be applied to the percentage of baccalaureates entering graduate school. 
Figure 7.2 shows how this model would work. We start with the basic utilization 
and the basic supply. We then take the ratio of the two and use it in the feedback 
equation shown in the chart. G represents the percentage of baccalaureates that 
will enter graduate school in the basic model. This market graduate entry ratio 
GH resulting from application of the feedback facton produces a modified 
number of new Fh.D/s and thus a revised supply Sm. This in turn produces a 
change in utilizatioap because fewer graduate student* mean fewer Ph.D/s 
employed In academia. Thisadjustment process can go on ad infinitum. However, 
we planned to use only one cycle. 

We realize that this feedback equation is not valid over the full range of UlS 
because with zero utilization the expression blows up and becomes infinite. 
However^ this should not be bothersome since in real life a very small U/S is very 
unlikely. 
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Figure 7.2 ' 

Market Feedback to &jppty (one^stage) 
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However/ we expeiienceda more rious problem. For practical purposes, we 
have only two data points, namely/ data points in the late 1960's when the ratio of 
utilization to supply was I, and one in the early I97d's when this ratio had slipped. 
This then meant that if we were to use the model in ourcomputations/we had to 
assume the feedback to be linear. That did not work out when we put actual 
numbers in the equation. It became very clear that a linear feedback loop was too 
strong. I believe that with an exponent n less than 1, one can have a workable 
feedback loop with reasonable results. However, any choice of exponent at this 
time would be completely arbitrary. Thus/ at this time/ with our limited data we 
will be unable to use this feedback concept in our calculations. In three or four 
years when we have more data points of G under various U/Sconditio:iS/ wecan 
. probably get a reasonable fit to the feedback equation and use it in actual projec- 
tion calculations. This experience illustrates a point which should be kept in mind- 
It is frequently much easier to build theoretical models than to apply them. 

Utilization in the figure represents the number of scientists and engineers 
that are engaged in ''science and engineering profession." What is excluded are 
those who are employed in activities which do not necessarily use the skills to 
which they trained. This is not necessarily unemployment. It includes those who 
are employed outside of science and engineering. It is the total of all scientists and 
engineers available at a given time minus those that are not working in science 
and engineering. ^ f\ j 
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Immigratiom Until the rapid growth of US. graduate education after World 
War U, immigration represented' a large share of this nation's doctorate labor 
force. These doctorates are projected in both models to continue to immigrate at 
the same level estimated for Fiscal Year 1973/ which is considerably lower thanin 
previous years due to changes in immigration regulations in 1971- 

Emigration* Not all doctorate recipients from U>S> school are added to the 
U-S- supply- About 15 percent of the science and engineeringaoctorate recipients 
in the 1971-1972 academic year were not citizens of the U-S-/and nearly n per- 
cent of the recipients indicated they expect to be employed in another country 
upon completion of degree requirements. Since these projections are ap* 
proximately the Same as that of previous years/ our projections continue the 
1971-1972 rates. 

Attrition* This is ascribed only todeath and retirements^ and was computed 
for Jthe total doctorate population by five year age groups and for each scien* 
tist/engineering field. Both men and v^joom&n were assumed to exhibit the same 
patterns of attrition. 



Utilization 

As in the last NSF study, market activities are divided into the three func- 
tional areas in which scientists and engineers perform^R&D/ academic teaching, 
and other- The "other" category includes those engaged in non-academic, non- 
R&D activities which still utilize their skills as scientists and engineers^ including 
production, consulting/ etc> The functional distribution of science and engineer- 
ing doctorates in 1972 was:35 percent in teaching/ 47 percent in R&Dand 15 per<- 
cent other- Total science and engineering employment has been projected by 
work activity in relation to projected changes in economy attd enrollments in 
colleges and universities. 

R&D Activities. We start with a projectionof R&D expenditure (Figure 7-3). 
Last time we used a fairly simplistic R&D funding projection based on GNP> We 
simply projected an R&D expenditure to GNP ratio to 1950 and thencalcuhted 
RJcD expenditures from a BLS projection of GNP- 1 am increasingly convinced 
that this R&D to GNP ratio is not a very useful or even meaningful concept 
because these two parameters are not necessarily related. Certainly one can see 
this from recent time trends of this ratio. It has dropped from 3 percent in the 
mid-sixties to its current value of 2A, If one extrapolates the R&D funding/GNP 
ratio to 1950 and 1955 and then uses projected GNP figuresone gets aridiculous- 
ly k)w figure for future iC&D expenditures. 

There are \wo, more sophisticated forecasts of R&D expenditures available 
now> Both are based on review of the behavior of R&D expenditures indifferent 
sectors of the economy and attempt to relate these expenditures to other 
parameters/ such as sales in industry. We have used these new R&D expenditure 
projections; it should be pointed out thiit they indicate considerably lower 1950 
R&D expenditures than those which -were used in our previous projection. Hav- 
ing established expected future R&D expenditt:re levels, we translate them into 
R&D scientists and engineers by using R&D cost per scientist data. In doing this, 
we assume that the cost per R&D scientist and engineer will continue toincrease 
along recent trends which have been fairly well established. We finally move from 
total R&D sdentists and engineers to R&D doctorates by using established 
numbers and trends of ratios of these two parameters. In the market utilization 
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model we use similar procedures. However while in the baste model wcaMuraed 
the ratio of doctorates to total scientists and engineers to remain constant,in the 
market model this ratio for the newly hired doctorates grows by 3 to5p«rc«nt per 
yean depending on the sector. The 3 percent growth rate for industry was bated 
on an Industrial Research Institute survey. This enrichment assumption it based 
on the projected easily-available supply of doctorates who are expected to get 
some of the jobs presently held by non-doctorates. 
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Academic teaching. With respect to teaching utilization* an approach Is used 
based on projected science and engineering enrollments and student-faculty 
ratios (Figure 7.4). In the basic model we assume that the ratio of students to 
faculty would essentially remain constant and the ratio of doctorate faculty to 
total science and engineering faculty also remain constant. In the market model 
both ratios are increased. Two-year colleges and four-year colleges and univer- 
sities are examined separately because not only are their growth rates very 
different., but their utilizations of doctorates are different also. 



Fitjure 7.4 

Teaching Faculty* Model 
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The procedure for deducing teaching utilization differs from previous 
methods, yet it needs still more modification. Fbrexamptc, if the necessary infor- 
mation on teaching load factors can be obtained, we wilLttyJo develop separate 
faculty-^to-student ratios for graduates and undergraduates so that service load 
aspects of different disciplines are given appropriate consideration. 



Results 

Numerical projections are not ready to be presented even in preliminary 
form. As indicated before we will still be making improvements in the doctorate 
production and teaching utilization parts of the model and wilt also review ait 
otherareasof our methoddogtes. However, there is a simple approach that gives 
an indication of what our projections are likely to indicate (Figure 7.5). This will 
also illustrate that one can come to certaincondusions without necessarily going 
through a very fancy model. 



Figure 7.5 

Rates of Growth of Supply and Utilization 
(percent per year), 1972-1985 
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Gmsider the following scenario. With respect to supply, the new doctorate 
additions to the labor force are of the order of 7 percent a year. This does not 
mean that the number of doctorates produced peryearwitl increase by 7 percent. 
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Rather, it indicates that if one takes the total number of doctoratesproduced per 
year and compares this to the total number of doctoratesexisttng at that time, the 
ratio is 0.07. This annual new doctorate production figure comes out of our basic 
supply model. It is not too different from what Allan Cartter is projecting now. 
Attrition of the labor force on average is about L6 percent a year. Net migration, 
is another parameter affecting supply and amounts to about 0.4 percent per year. 
Supply, then, is base plus new doctorates minusattrttion. minus net migration. If 
one combines all of'these factors one then obtains a likely increase of the doc- 
torate supply of the order of 5 percent per year. 

Attrition does not reflect under-utilization but is simply due to death and 
retirement. The net migration is actually a net emigration and reflects the fact 
that a number of students who come to the United States to get their Fh.D.'s 
return to their own countries at the end of their graduate training/ and thus are 
removed from the system. 

With respect to utilization, first consider some related parameters. R&D 
funding shows an average increase of about 1.4 percent in constant dollars p^r 
year. In any case, the increase is relatively modest, and this relatively modest in- 
crease represents one major difference between the present study and the last 
one when a 4 percent increase in constant dollars was shown. 

With respect to teaching utilization, again using our model undergraduate 
students are expected to decrease on the average by about half a percent a year. 
Most of this decrease is expected to happen in the first half of the 1980's. 
Graduate students would actually be decreasing a little more rapidly. These 
decreases in students are not just due to demography because the demographic 
effects only comeintoplaytowardtheendof the fifteen-year period- They reflect 
some of the trends discussedearlier. such as fewer students going to college and 
fewer going into graduate school. 

What does all this add up to in terms of utilization? The chart suggests that 
R&D utilization increases even less than R&D expenditures because the cost per 
R&D scientist and engineer is expected to continue to increase. In academic 
teaching, we project fewer doctorates in 1985 than there are now. This is not so 
completely out of line if one considers Allan Cartter's report that only about 
34,000 faculty in all fields will be hi red in the 1970's when things will still be going 
relatively well as compared to the early 1980's. 

Finally, there is "other"' science and engineering utilization, which represents 
ournrojectionof thenumberofPh.D.swhoare likely to be engaged in science and 
engineering activities other than R&D or teaching. This is the area we expect to 
increase most rapidly. 

Now. at! of these combined give a 0.7 percent per year increase in utilization 
according to the basic model. The market model shows a projected utilization in- 
creases at a minimal rate of 2.7 percent. Again, remember that there are two fac- 
tors at work in the market model. One is enrichment— more Ph.D.'s per total 
scientist^ and engineers. However, in academia, we project the student to faculty 
ratios to increase. Since a good many Ph.D.'s are «;mployed in academia. this 
aspect of the market model causes the number of doctorates employed in higher 
education to go down. 

So then if one has, at bes^ a 2.7 percent aiinual increase in utilization and a 5 
percent increase in supply per year, one obtains a 2.3 percent annual imbalance. 
Compounded for fifteen years, this produces quite significant imbalances. 
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Of course, one should look at alternative assumptions and test the sensitivity 
of this model. We have as yet not done this tn detail. But it can illustrated that 
really major changes would required to bring the system into balance. G>n- 
sidering one factor at a time, it would practically take a doubling of the project 
R&D funding growth rate coupled with market enrichment conditions to erase 
the projected Imbalance. At current inflationary rates this would mean annualin- 
creases of at least 10 percent in current dollar terms. Or the average doctorate 
production rate would have tob^ reduced byover 30 percent from that of today to 
produce a balance under market conditions. Since the doctorates for the next few 
years are already in the academicpipeline, this 30 percent reduction m average 
rate would imply a considerably greater reduction by 1985. One could, of course, 
have combinations of these factors. Even then^ however, the magnitudes of the 
changes required are so large that realization of balance is somewhat unlikely. 
Our conclusion is that the outlook is fairly grim. 

General Discussion 

Following Dr. Falk'£ presentation a number of questions and comments were 
offered by the participants. The sense of the discussion was as follows: 

• With regard to the term "R&D," how sensitive are results, not just to the 
standard NSF definition of the term but to the dynamics of the definition 
in the sense that the definition does not include activities such as 
manufacturing engineering which is comparable with product engineer- 
ing and development in some industries? The reply was that the 
manufacturing engineer is included in the "other" category which is 
derived by taking the Bureau of Labor Statistics projections for total 
scientists and engineers, subtracting them from those which come from 
the projection for R&D and teaching, and then deducing the number of 
Ph.D.'s from existing Ph.D. to total ratios using an enrichment growth 
rate of 5 percent per year. It is this "other" component which shows the 
largest increase^ and it is in this category that the manufacturing 
engineer the production engineer the control engineer and the sales 
engineer etc.^ are included. 

• Do you include a factor for energy R&D? A factor as such has not been 
worked out, although extensive studies of manpower impact are un- 
derway. The governmental R&D funding for energy is about $2 billion a 
year in current dollars as compared to a total R&Dbudget of the United 
^tate^of $30 billion (about 6 percent). There exists a crude estimate of 
the possible manpower impact of this program. In the Dixy Lee Ray 
report (AEOMt is stated that the proposed energy R&Dprogram would 
use about 5 percent of the total numberof scientists and engineers. But 
we do not know what the impact ofan energy crisis would be on thenon- 
R&D scientist or engineer If we opt for more exploration, nfrwoil rigSr 
coal gasification plants^ and so on, more scientists and engineers will be 
required. On the other hand, if we experience future shortages of 
energy^ this could have an opposite impact in such areas as the transport 
tat Ion industry. 



' Thf Nattoti Erjfrjft "f jrfwrr A Report 10 Richar<f M Nixon. President of the UmtcJ St^(c$. sub- 
nuttej by Dixy Lcc R^y. Atomic Energy Commi^sjon: Detcmber t^73 
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Ar^ ther^ any inferences to be drawn from the projected gap between 
supply and utilization? Yes, the f«ct that relatively few people are going 
to get a chance to be active in R&Doracademia means that the new doc* 
torates should be prepared fof other things. This leads us to topics like 
changes in value structures^ reduction in overspecialization, and the 
need for more generalists who can move from one type of activity to 
another, etc 

Has a model been .attempted which is based on the demands for raw 
materials substitution? For example^ in the United Nations a debate is 
going on with countries that supply a whole variety of raw materials, 
stemming from the recent oil embargo situation. This suggests th:'.t in 
terms of utilization of raw materials^ there may be a shift to 
technologically^derived substitutes. Perhaps such a module could be in* 
serted in the model. It could have a large impact. Such a model has not 
been attempted by NSF. 

Questions of impact arise in regard to major capital spending programs 
of private industry involved in energy. What^ for example, are the 
effects of various kinds of capital investments? If such new capital in- 
vestment consists essentially of reproducti<}ns of existing types ot 
plants^ then this might possibly imply much smaller utilization of 
engineers and scientists. On the other hand^if new technologies are to 
be used, then there would have to be large design and development 
programs. But if a nevy'technology ts in its operating phase, fewer scien* 
tists and engineers might be needed. 

With reference to ^ specific four-year sixteen billion dollar capital 
spending program, one participant reported that most of this spending is 
to be in new technology which does not duplicate existing effort. Ths 
limitation seen is not on capital so much as itison available scientific aad 
engineering personnel, notonlyinchemical^ngin^^ringbutinanumber 
of other disciplines. 

A question was asked about the carryover of the Z.3 percent of scientipts 
and engineers who are under^utilized or not able to be absorbed in the 
market. That is, are they carried over to become a part of the supply in 
the following years? 

Since the model does carryover, it was suggested that this could be a 
deficiency in the model because of the fact that diffusion from R&D type 
activity or engineering activity into other activities is a substantially 
irreversible process. When a person leaves technical activity and takes 
on administrative activity or changes field, or whatever^ at the age of 
forty-five or thereabouts, he is no longer part of the technology labor 
pool. It was pointed out that such persons would still be counted in the 
''other" science and engineer labor pool. The deficiency would only be in 
the number oi people who have nothing to do with science and engineer^ 
ing. 

It was suggested that the numberscomingoutof the models are concen^ 
trated or focused almost entirely at the interface between the univei^ 
siKes and first use, and that it is important that this not be the pressure 
point. 

Counter to this was the ide^ that people going into higher education 
should be aware that there is a good chance that they will not be 
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employed in academia. They may, nevertheless, be perfectly happy. 
Much of the unhappiness in the early 197D's came from the fact that ex- 
pectations were not met. 

Assuming then that there is some kind of pyramid distribution of 
excellence or quality in the science and engineering community when 
students are trained^ then the substantial numbers of people who are 
near the bottom of that pyramid must be trained with afiexible career in 
mind. By the sametokemif this transfer outof the scienceand engineer* 
^ ing activity is concentrated at the lower levels of intellectual attainment 
where thetargest numbers are founds then these projections do not have 
to put a large stress on research-oriented or development-oriented peo- 
ple. 

♦ A final word of caution was offered by Dr. Falk who emphasized that the 
figures quoted are intended to give only rough indication of the situa- 
tion. They do, however, suggest trouble/ although a great deal of 
double-checking is still needed. Some of the assi^ptions and some of 
the coefficients may be changed. Nevertheless the numbers should give 
a feelfng of the orderof magnitude of imbalances which might be likely 
to occur 

The format documtnl prepared by Charlts E. Vaik for lh\$ smion appears below. 

1972, 1980, and 1985 
Science and Engineering Doctorate Supply and 

. Utilization^ 

1. Inttfxluction 

This study i& designed to be a tool for planners and policy-makerft. Hopefully 
it will contribute to an understanding of the processes by which part of the doc- 
toral supply and utilizatk)n system operates and of the interrelatk)ns of the 

*NOTE 

The National Science Foundation is in the process of revising its previous 
two projections of science and engineering doctorate supply-utilization 
relationships. These new analyses will be published as an official NSF report. 
(Report was published as NSF 75-30, Projections of Science and Engineering Doctoraie 
Supply and Uiiliulion, IPBQand 7955.^ However, as in the past^ drafts of the report 
will be circulated to other experts for review and comments. Thisdocumenl was 
specially prepared for the April 1974 Science Manpower Seminar of the National 
Science Board. It represents the first review draft of the methodology and 
assumptions that arebeing used now togenerate projected supply and utilization 
numbers for 1960 and 1965. The computations of these figures have not been 
completed at this time, but are expected to be ready for presentatwn at the 
seminar. 

The report is the combined product of many individuals in the Division of 
Science Resources Studies. The main objectives of this document and its presen- 
tation at the NSB Seminar are the provision of information to Seminar par- 
ticipants and the development of constructive criticisms and comments for the 
improvement of the methodology. 
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system's components. It projects likely configurations of the supply and utiliza- 
tion of doctorates to 1985 and is premised upon a variety of explicit and implicit 
assumptions about the future. The nature of these assumptions make it 
necessary to preface this report with threecacMfj^which should be bomein mind. 

First, the projections in this report are set within a framework of specif ted 
economic growth and the established educational system. They assume a con- 
tinuity of past trends and relationships (with a heavy emphasis on recent yeai;s) 
and therefore do not anticipateunforeseeable future discontinuities. Thus# while 
the projections involve attempts to create a Umited number of scenarios that are 
most likely to represent the future^ they are constramedbytheirenvironment. 

Second^only the supply and utilization prospects ofpersons with science and 
engineering doctorate degrees are analyzed. While these prospects have been 
considered in relation to the overall situations for the total science /engineering 
work force> the implications for doctorate degree recipients should not be im- 
puted to nondoctoral scientists or engineers nor to recipients of doctorate 
degrees in other disciplines (e.g., Ed.D., M.D.# ].D., D.B.A.# aiyl Fh.D.# in arts, 
humanities, law and business). 

Third, the time frame of the study extends somewhat beyond. the expected 
span of those students already tn the higher education pipeline; thus, the results 
for the latter years of the projected period are more speculative than those for 
earlier years. 

There are many scenarios of the supply and utilization of doctorates which 
could come to pass. All of these possible configurations were not developed. In^ 
stead# two major configurations were utilized. One# the Bask model reflects past 
and present patterns of doctorate supply and utilization with special emphasis on 
recent behavior. A seconds Markti-Rtlafed models takes into consideration im^ 
balances between the projected Basic doctorate supplies and utilizations and ad^ 
justs both utilization and supply accordingly. These twomodels represent a range 
of possibilities into which doctorate supply and utilization patterns are likely to 
fall in the projected period. 

This study is the third NSF report on the subject of the supply and utilization 
of science and engineering doctorates. The previous studies spanned the 1970's, 
terminating the projected period at 1930.^ This studyextends the horizon by five 
years to 1935. This report* however* differs from its two predecessors more 
significantly than simply extending the previously used methodology to a new 
time horizon or incorporating information on more recent trends. It uses a more 
fully developed model of Ph.D. production* a somewhat different approach to 
academic faculty projections* a more sophisticated R&D funding projection, and 
the previously mentioned recursive market feedback tostudentcareer decisions. 

The late 1960 s and early 1970's saw a levelUng off of R&D funding and con^ 
current* relatively short-lived, unemployment increases for scientists and 
engineers. One product of these events has been an increased interest in the ex^ 
amination of the supply of and the demand for scientists and engineers. As a 
result, a number of projections have been developed by various authors. Some of 
these studies concluded that a surplus of new doctorates was imminent for the 



> Saftt(fi?tngtnffrtngDc{iorsaf Supply i^f Utihtait&n. t96S irt?, NSF 69-37. 1960; ond N69if l^SOSartw 
£* BnxtitffTttjg Oothrait Sttppltf & Utttizattcn. NSF 71-20, 197 J. 
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1970'5 and early 1980's. Others have questioned theassumptions about the sup- 
ply of doctorates, contending that the market mechanism would serve to reduce 
the supply in response to an unfavorable job markets thus decreasing and even-^ 
tually eliminating the imbalance between supply and demand (or utilization). 

Inherent in the projections are some basic premises that either tend to en-^ 
courage or discourage fhe production or expanded demand for doctorates. Some 
of these premises are listed bebw. Brst shown are those that would foster an in^ 
crease in the demand for or supply of new doctorates in the face of shortages of 
R&D and college teaching positions; tKese are called "inflationary factors," A sec* 
ond group encompasses those that tend to decrease the supply of or demand for 
new doctorates; these are called ''deflationary factors.'' 

1^ InHationary factors 

a. A doctorate may still have a relative advantage over less educated con- 
temporaries in the same field even if doctorate starting salaries remain 
higher than those of others. However, with an "oversupply" of doc* 
torates, their salaries will tend to converge toward those of nondoc* 
torates.^ 

b. The doctorate degree constitutes a "ticket" to a special and frequently 
preferred professional or academic life style (regardless of economic 
considerations). This phenomenon is likely to continue.^ It has been 
shown that this enticement can have a great impact upon the career and 
educational decisions of students. 

c. Increasing educational requirements ar€ being placed upon many jobs. 
Over the years the educationalprerifquisites of jobs increasedasjob con- 
tent changed and as secondary and higher education became more uni- 
versal. In the future the concept of "appropriate" utilization of doc* 
torates maybe broadenedeven further toindude new activities in which 
extensive technical knowledge is desirable for the nianagement and per- 
formance of non-research or non*educationat activities. Thus, the doc- 
torate degree may become a prerequisite for positions currently being 
filled by non*doctorateSf tn part because of the availability of doctorates 
and in part because of the increasing technical content of the positions. 

2. Deflationary factors 

a. In apparent reaction to perceived unemployment problems of scientists 
and engineers and other factors, such as disenchantment with 
technology, it has been noted in the past few years that students at all 
levels of education—secondary/ undergraduate and gradqate— ^have 
been less prone to select a major in science and engineering (excluding 
social sciences) than students of the mid-1960's. It is not known if this 
disaffection with the natural sciences and engineering is a phenomenon 
which will pass as employment opportunities improve and as new 
societal programs with technological inputs are created, or if it is part of 
a long-term movement away from these disciplines. Some recent anec- 
dotal evidence indicates that this trend may be reversing itself. 



*e^.. Bailey. D. and Sthotta, C. "Private and Social Rates of feturn to Education of 
Academicians" in Thf AmtrUan E€^nomtf Rjcvttto. March 1972^ and Notes to this article by L. Figa<^ 
Talamanca and J. A. Tomaske in TV Amfrtfan BcctiimtH Rrview of March 1974. 
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b» In the early 1970's proportionately fewer college-aged persons have 
been entering college,, possibly in response to the slowdown of job op* 
portunities for college graduates. Projections of job opportunities in- 
dicate a potential surpl ts of college graduates in relation to available jobs 
of the type now being filled by grsvduates.^ 

c. College students v^U be discouraged from continuing their education to 
the doctorate level if: (1) the reduced growth (in comparison to the 
1960's) in the demand for college faculty and researchers continues as 
expected; and (Z) the level of earnings of doctorate degree holders ap- 
proaches that of master's and bachelor's degree holders. 

d. The expected decrease in the number of graduate students may 
necessitate 'an increase in tuition charges to support university costs. 
This will further hinder the opportunity for education and limit the 
number of students opting for the doctorate. This factor Would be 
aggravated by reduced Federal support of graduate students. 

e. Some students of the economics of education have come to believe that 
there may have been an over-investment in htghereducatton in the past 
two decades in relation to the numbers and.nature of employment op- 
portunities that have become available.^ This had led to some under-and 
unemployment of college graduates, especially in many less developed 
countries (LDCs). U may also have discouraged students from these 
nations that study in industrialized countries from retuming-to their 
homelands. Recognition of this oversupply of college graduates in the 
LDCs may have led to reductions in the numbers of their dtizenssent to 
schools in the U.S. This has been reflected in 1972 enrollment data.* 

It is not expected that altof the above-mentioned factors wilt prevail, but that 
each set will exert a countervailing force upon the other. 



It Summary of Factors, Methods, and Assumptions 

Two sets of supply and utilization models for science/engineering doctorates 
have been developed for this study. The Basic Supply model incorporates past 
trends of doctorate production in relation to the college-aged population and 
propensities to enter and complete college and graduate study. The Basic Utiliza- 
tion model reflects current (1972) patterns of utilization of the doctorate labor 
force. The underlying rationale for the Market-Related models is that both sup- 
ply and utilization of any labor force component respond to the marketplace. 

The discrepancies between supply and utilization are expected to influence 
potential science/engineering students/ enticing or discouraging them from 
entering graduate school programs leading to doctorate decrees* Thus the 



^ Rosenthal Ne4il H , "The UnU«d Sutes Economy in 1065^ J^rojcct^ Changes m Occupations/ 
XUnthltf labor RevtfU\ December 1973. 

* See Ivjr B^rg, tJu<aUon anJ jah^ Tht Great Ttatnm$ R&hhfry, Boston: Beacon Press. 197L and 
SpecMl Tjsk Force to the Secretary of Healths Educatjon.* ^ind Welfare^ Wwt in Amfttta. Cambridge. 
Mass.; The MIT Press. 197^ 

^ NSF survey data to be published as, GraJuaU StuJtnt Support and Manpcwtr RtfOuncs tn Graduate 
$t\tn(f tduiatiOn. Fall J972 
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Market-Related Supply model incorporates a feedback loop from the degree of 
utilization of the doctorate labor force to the propensity of baccalaureates to 
enter graduate study and thus also to the number of doctorate degree awards. 
The Market-Related Utilization model assumes market-conditions to be reflected 
in job credential standards, which are likely to change in response to a greater 
supply of doctorates. This phenomenon has been experienced in past decades 
first with respect to secondary school graduates and more recently, with respect 
to college graduates. 

Several assumptions underly both models of utilization. Work presently be- 
ing performed by doctorates will continue to be carried out by doctorates in the 
future. A second predication assumes that the preserve of the doctorate wfll in- 
crease, with new doctorates replacing no'n*doctorates in alt pertinent activities. 
Especially in the Market-Related model doctorates are expected to be employed 
more profusely in non-academic non-R&D technical positions such as manage- 
ment, public administration and production. Finally, while some information on 
mobilityamongdisciptinesexists. because of the lack of dynamic informa'aon,it is 
assumed that mobility among science and engineering or non-science fields will 
remain constant during the projected period. 

The following two tables summarize the major components, rationales and 
assumptions which form the foundations of the models. Other detailed 
methodological descriptions, including appropriate references, can be found in 
Chapter III. (As can be noted, the Magnitude and Sensitivity columns are blank; 
these will be filled in subsequently.) 



Table 7,1 
Summary of Supply Models 



Factor 



Ra tiOnale/AssumptiOn s 



Method 



Magnitude Sensitivity 



(6oth models) 



Mates and temales will con- 
tinue to exhibit diflerent 
behavior patterns. 

Different fierds ol study 
will exhibit dillerent 
behavior patterns^ 



Separate projections were made 
at each stage of the mixlel 
for individual Ifelds ol 
science and by sex. The onty 
exceptions are the new 
entrants to college which 
were projected by male and 
female groups* but not by 
field. 



2. fn/r^n/s to co/fege 
(6olh models) 



Parts of the college-aged 
popufation will continue to 
aspire to a college educa* 
tion for a variety ol reasons, 
including the potential to 
increase their earning 
ability* cultural and social 
benefits* etc 

Trends in the rate ol college 
entrance of the college-aged 
population are projected to 
continue in a pattern based 
on the past decade* with 
trends of the second hati 
of the period being given 
double weights 



Projections are made on the 
basis of population reaching 
Id years of age fn each y^ar 
up to t965. These projections 
are ^oX dependent upon birth 
rates since the td year old 
populations to 1985 have all 
been born. 
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Table 7.1 
Summary of Supply Models 



fdcior 



Ratio nal e/Assum ptio ris 



Method 



MsQnitude Sensitivity 



3. Biccafaureste 
degrees awards 



(Both models} 



4* Entrants to grad* 
uate study 

I (Basic modet) 



Vl. (Market* 
Related model) 



Trends in propcftions ot 
coKege entrants contfnuinQ 
to the baccalaureate 
degree will tdtow tecent 
patterns. 

The period trom college 
entry to baccalaureate 
award is not equal for 
al} entries. However^ 
the lime pattern for 
baccalaureate completion 
is assumed to remain 
constant over the pro* 
jection period. 

Ratios ot graduate school 
entrants to baccalaureates* 
by field and sex* will con- 
tinue to tollow patterns 
that have been established 
in the past. 



Potential entrants to grad* 
uate school are intluenced 
by labor market conditions 
for doctorates during the 
same year. 



5* $Q}9nQe/%ngineering 
dOQioram awarded 



(Bolb models) 



Since the proportions of 
gra<Juate school entrants 
ultimately receiving a 
doctorate were relatively 
conslant during Ihe past 
decade* they are assumed 
to remain constant during 
the projection periods, 
tt }s assumed that once 
commitment to enter graduale 
study has been ^lade. student 
plans wilt not be intluenced 
by tuture or present labor 
market conditions. 



Future degree recipients are 
based upon entrants and pro- 
portions graduating within a 
given period ot time. Each 
year's graduating class is 
composed of Ihe cohort of the 
entering cla£5 assumed to 
graduate wit^^n appro* 
priate number of years. 
Trends of Ihe past decade are 
extrapoTated with double weight ' 
assigned to t^eJast tive years. 



Trends of tlt^ past decade* 
weighted double by the last 
five years* are extrapolated 
to 1985. 

Each cohort of baccalaureate 
recipients entering graduate 
study is assumed to do so 
wtthin a constant time dis- 
tribution, Hach graduate 
school entry class results 
trom the addition of the 
appropriate cohorts ot 
baccalaureates. 

The ratios of first time 
graduate school enrollments 
to science and engineering 
baccalaureates are reduced 
by a factor Proportionate 
to the utilization : supply 
ratio projected from the 
basic model. The propor- 
tionality constants are 
derived trom 1?S4-72 data. 

Generally* rates of awards to 
doctorate graauate school 
entrants ot the mid-1960's 
were used without change. 
The same constant completion 
rales and time distributions 
ot entry to con^pietion were 
applied. 

The number of doctorates 
awarded each year results 
trom the addition ot the 
appropriate cohorts of 
each entry class expected 
to obtain degrees in that 
year. 
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Table 7*1 
Summary of Supply Models 



Factor 



Ra ti orvaf e^Assumptioos 



Method 



Magnitude Sensitivity 



No explicit allowances were 
made for changing patterns 
of foreign study entry to 
graduate schoot or time 
required for degree comple- 
tion. 



6. /mm^raf fbn of 
(Both models) 



Immigration patterns reflect 
U.S. employment opportunities 
relative to Ihose in other 
countries ar>d U.S. immigra- 
tion regutatfons. Atthough 
immigration regulatfons have 
made entry of scter^sts and 
engir>eer3 more difficult 
since ld7Ut is expected 
that Immigration wilt con- 
tinue, but at ievels abated 
from those of igeCTs. It is 
also assumed that doctorates 
wilt continue to represent 
the same proportion of 
immigrants that were observed 
inthel960'3* 



"^The levels of Immigration, by 
fietdt experienced in the 1973 
Fiscal Year were continued 
uncNinged ibr the entire pro- 
jected period, as were the 
shares of these immigrants 
assumed to have doctorates. 



7. Bmfgration of 
doctorate rech 
P'^uH from as. 
unfver^fr/es 

(Both models) 



These primarily represent 
citizens ot other countries 
returning to their homelar>d 
a no are not influenced by 
U.S. tabor market conditions. 



Emigrants were projected to 
continue thetr 1966*72 abso- 
lute trends by ind(viduat 
fietd 



B. Attrition 

(Both models) 



Both men and women doctorates 
wiU exhibit death and retire* 
ment rates simitar to those 
estimated tor alt men in the 
labor torce. AlthoUQh women, 
in gene/at. have a weaker 
labor force attachment than 
men because of familiat 
responsibilities, it is 
assumed that women doctorates 
will have as strong an attach- 
meot as all men l>ecause of 
thel'r investment in their 
careers. 



Death ar>d retirement rates are 
applied to each 5-year age 
group of the labor force by 
field in each year. These 
rates are projected to remain 
unchanged throughout the pro- 
jected period They are 
directly derived from those 
pubtished by the Bureau ot 
Labor Statistics. 
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Summary of UtUtaUon Mo4«< 

« 



Factor 



Ratlonile/AssumptiODS 



Method 



1. T^^ino FacufI/ 

end Uni^fSiti9^* 

A. £nroflm«ntsin(i Ful^tfme-equtvatent teaching 
SUKfent: FicuTty faculty will M proportbnal 
Ratios to the number of undergraduate 

and graduate students taMng 
{Both models} science end engineerfng 

courses* 



* Faculty end 
students* unless^ 
noted/refer only^ 
to those m science 
and engineerfng. 

t.A. {COnt.} 

i. (Basic model) 



ii. {Merket model) 



It was essumed that student 
faculty ratfos woutd remain 
constent at the t972 level 
through the projected period. 



Because of an expectca con^ 
linuation Of finenCiat 
pressures on ecademic insti- 
lulions* the student : faculty 
ratio in this model was pro- 
jected to increase. 



The graduate enroflment data 
were added to derived under^ 
graduate science and engi- 
neering student numbers. Ttte 
latter were obtalrted by 
assuming that the ratio of 
undergraduate studants taking 
courses in e«cb field ^f 
actence/engfneering to total 
undergn!^uate enroltments 
woutd be propcrtionet to the. 
science/engineering to total 
beccalaureate ratios. 



Student faculty ratios were 
derived by dividing the 
sum of undergrad!iale end grad- 
uate students by thif total 
teaching faculty. This 
procedure was carried oul for 
eacn field. 

Same as ebove^ but student 
faculty retios were increased 
by One percent per year for 
the t972^85 period. 



B. Doctorate 
(acuity 

i. (Basic model) 



ii. (Markel model) 



Docioraies are essumed to 
continue to represanl the 
same proportion of the 
teaching faculty as they 
did in 1972. 

Dociorates are assumed lo 
represents progressively 
growing share of ihe leaching 
faculty because of the greater 
availability of dociorales 
and the desire of ihe insii-^ 
lutlons to upgrade ihe cre- 
/e'ltiafs of their facutUes, 



New doctorate employment is 
projected as a constant Share 
of growth and replacement needs 
of the total science/engineering 
teadiing faculty. 

A compounded growth rale of 
5 percenl per year was applied 
to the dociorale to total 
ratio for openings due to 
the growth and replacement 
needs of leaching faculty for 
each year. 
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Summiry of Utltliation Models 



Factor 



Ra tionaie^Assu mptio n$ 



Method 



Magnitude Sensitivity 



pMcutty of 2-y9^T 
A. Enrolments and Total doroltments in 2-yeaf 



student iFacuity 
Ratios 

(Both moders) 



I (Gasrc modei) 



ii. (Market modei) 



6. Doctorata 
facatty 

I (Basic model) 



ii. (Market modei) 



coileges and technfcar insti- 
tutes are expected to cofvtinue 
to grow faster than fn other 
sectors of the higher educa- 
tion system. 

Tile total student to science^ 
engineering facuity ratio was 
assumed to remain constant ^ 
over the entire projected 
period. 

The 2-year colieges are 
expected to aspire to 
improve the quality of 
education they provide: 



Between t969 and t973 the rate 
of enrichment of these insti* 
tutions* science faculties 
increased at an estimated 
annual rate of 6.6 percent 
Two of the factors which may 
have attributed to this-* 
the amp te supply of new doc* 
torates and thejgrowing role 
of these institutions in 
providing the first two years 
of traditionai Undergraduate 
education^re expected to 
continue in the projected 
period. 

tn view of the greater avail- 
ability of doctorates, a 
higher percentage of doctorates 
are expeaed to be hired to fiit 
faculty growth and rep face* 
ment needs. 



U.S. Otftee of Education 
projections of unroflmenis 
were used and projected 
to XidS. 



The total projected numbers 
^of students were divided by 
the student ; facuity ratio to 
obtain the number of science/ 
engineering facuity. 

Same as above usfng a decrease 
in the student : faculty ratio 
of one^tenth of a student per 
year for the projected period. 



A compounded growth rate of 
6.6 percent per year was 
appiied to the doctorate to 
totai ratio for (^nings due 
to the growth and repiace* 
ment of sctence/engtneering 
faculties. 



Same as above— with a 9l9 
annual percentage rate of 
growth. 
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Tabte 7^ 
Summary of Uttdzatton Models 



factor 



Ratio nalo^Assu m pli 0ns 



Method 



Magnitude Sensitivity 



A. R&D expendi- 
tures and total 
acience^engK 
neering employ* 
tnent 

(Both tnodets) 



B.Ooc/ora/sc/an- 
t/st/»ngihear 
empfoyment in 
R&D in academic 
institutrons. 

1. (Basic model) 
it. (Market model) 



Ooctotat 
scientist/ 
engineer emp/Oy- 
U)6n/ in nOn- 
9Cadei7i/c RS^D 

i. (Basic modet) 



ti. (Market modeT) 



The number of R&D workers is 
pfopOftJonar to available 
R&D funds with coat per 
R^D worker continuing atong 
past trenits. 



Doctorates are projected to 
continue to represent the 
same share of employment as 
in ig72. 



Doctorates are assumed to 
represen- a progressively 
increasir.^ share of the R&D 
faculty t>6cause of their 
avaitabiJlly and the desire 
of Institutions to upgrade 
the credentiats of their statfs. 



Doctorates are assumed to 
continue to remain at the 
same proportion of totat 
screntist/engine^^r R&D 
ernptoyment. 

tt was assumed that enrich- 
ment wiU take place as 
perceifved by managet s of 
industriat R&D. 



R&D expenditures are projected 
or^ the bases of component 
activity tret>ds In each of the 
major sectors that finance 
R&D-f ederat Government, 
Industry and academta. Dis- 
tribution of R&D funds to 
performing sectors are pro- 
jected On the basis of recent 
trends. Total science/eng^ 
neering R&D employment in each 
performing sector was dssutned 
to be propOTttOnat to R&D 
funds. With allowances for 
ctunges in the costs per 
worker projected oi^ the l>asB 
of past trends. 



New doctorate emplovment is 
projected as a constar^t share 
of growth and replacement' needs 
of the total science/engineering 
research facutty. 

A compounded growth rate of 6 
percent per year was applied to 
the doctorate to total ratio 
for openings due to the growth 
and replacement needs of the 
research facutty for each year. 



New doctorates were Projected 
as a constant share of the 
growth and repfacetnent needs 
of totat non academic R&D 
scientists/engineers. 

A compounded growth rate of 
3 percent per year was applied 
to the doctorate to total 
ratio for openings due to the 
growth and replacement needs 
of R&D sc ten list s/engmeer 
staff for each y^ar. 
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Table 7.2 
Summary of Utilization Models 



Factor 



Rat ton e le/ Assu mptions 



Method 



Magnit!j<fe Sensitivity 



4w Other science/ 
engineering 
acffV/l/es 

i, (Basic model) 



ii, (Market- 
related model) 



Doctorates will continue to 
be engeged in ottierltian R&D 
or acadoflilc activities in 
proportion to the opportunities 
generated for alt scientific 
and engineering personnel fn 
ttiese activities. 



An increasing proportion 
of openings for non-R&O, 
nOn-ieaching scientists and 
engineers will be fiired by 
doctoretes because of a 
relatively abundant supply 
and their reduced dillerential 
cost to employers. 



The current and projected 
numbers of total scientists/ 
engineers engaged in nOn-* 
academic, non-R&O activities 
were determined by subtracting 
those In R&D and academic 
teaching from the total 
employed The current numbers 
of doctoretes in ""other related 
activities'' were determined 
in the same fashion. The 
current doctorate/total ratios 
were then epptied to the pro-* 
iected numbers of scientists 
and engineers in "olher 
related activities." 



A compounded growth rate of 
5 percent per year was appired 
to the doctorate to totat 
ratio for openings due to the 
growth end reple cement needs 
in these activities for each 
year* 
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Backdrop 

A system of manpower projections assumes implicitly or explicitly a set of 
national environments during the projection period. The environment for the 
utilization of science and^engineering doctorates is determined by the economic 
climate of the country, the nature of the higher education system/ the workings 
life patterns of the labor force and position of the US, with respect to other 
nations. 

The basic vital signs of an economy are the levels and rates of growth of a few 
key economic indicators. These measures provide the foundation upon which the 
projections of utilization are directly based/ and/ indirectly, the projections of 
supply as well These indicators projected for 1985 are shown in the following 
table/ compared with their 1972 counterparts. 

It is estimated that of the nearly 900 million dollars in additional goods and 
services produced in 1985/ compared to 1972, 70 percent will be the result of in- 
creased productivity of the labor force and 30 percent from added workers. 
Economists/ such as Edward F, Denison/ have attributed part of the past growth 
of the US. economy to the increasingqualityofthelaborforce/as represented by 
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the increasing educational attainment of workers.^ Jmplicitly/ the expectation of 
continued growth of the economy is derived in part from the inputs of scientific, 
engineering and other technical workers. The continuing increase in demand for 
doctorate scientists and engineers is an outgrowth of such expectations. 

Table 7.3 

Basic Economic Indtcators Underiying the Doctorate Supply 
and Utilization Projectlonst 1972 and 198S 



1972-65 
Average 
Annual 



tntlicalor 


Unit 


1 

1972 


19d5 


Percentage 
Change 


Gross National Product 












Bfllions of 


1.155.2 


1.94i5 


4.1 




$ 1972 








Gross Private Product 












** 


1.019.7 


1,767.6 


43 


Total civiimn fabor force 


millions 


86.6 


105.7 


1.5 




** 


81.8 


101^ 


1.7 






48 


4.2 




Private man-hours 


billions 


144.8 


170.9 


1.3 


GPP per pvt. man^urs 


S1972 


7.04 


10^ 


3.0 


fpioducllvity) 











Source; Kulseher.RooaM&.'^ha United St4t«£E<^nocnyiii 1985, Projechon^ of ONP.t'>coin«. Output 



Other aspects of the backdrop, implicit in both the GNPand the supply and 
utilization projections of this report are: 

* That institutional framework of the economy will not change 
significantly within the projected period/ and the participation of people 
in the labor force will follow past trends. 

* That on the international scent a detente between the major powers will 
have been reached by 1985, but that continued guarded relationships 
will not allow significant reductions in defense expenditures. 

* That fiscal and monetary policies^ combined with socioeconomic policies 
will progress toward achieving a balance between full employment and 
diminished inflation without interfering with the long*^term economic 
growth rate/ although mild economic cycles are to be expected. 

* That all levels of government will continue to attempt to deal with a 
wide variety of domestic problems^ with State and local governments 
pbying an increasing role in the operation of economic and social 
development programs. It is also expected that the role of technology 
and technologists will become more important to the operation of 
programs dealing with national/ regional and local problems. 



* S&ur(t$ E«inctjttc CrtMt^fft unJi thf AUtTn<Aivti Btfin-t Ui. New York: Committee For Economic 
Development, 1962. 
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* That the patterns of education will continue past trends— with 2-year 
colleges increasing their share oflindergraduates^and most graduate 
school enrollees entering directly or soon after receiving undergraduate 
degrees. The role of continuing or mid-career education^ while expected 
to groWf is not expected to detract significantly from the traditional un- 
deigraduate and graduate education patterns. 

llh Supply and Utilization Models 
SUPPLY 

This study utiiizedtwo supply models. One reflects trendsof the last decade, 
with special emphasis upon the events of the past five years. A second model 
(Market) has b^en designed to utilize the first (Basic) one as modified by recursive 
feedbacks from the utilization projections. 

Science and Engineering Doctorate Degrees 

The StffrfmoJf/conststsofactual data and projections to 1985 for five phasesof 
the higher education process: entrance into college/ acquisition of baccalaureate 
degrees/ entrance into study for an advanced degree^ earning of Ph.D.'s, and 
magnitude of total enrollment for advanced degi^ees. A description of the phases, 
with the assumptions and methods of the projections made for each phase/ 
follows: 

Rates of entrance into college of 18-year-old population cohorts of each sex 
were ascertained for the period 1944*1972. These rates were then developed for 
the future from a trend projection based on rates of the last 10 years, uttUzinga 
straight-line least squares regression method and weighting the trends of the 
more recent five-year period twice as heavily as those of the earlier five-year 
period. 

This phase of the model also indicates for each sex the time-pattern of en- 
trance into college of those from each population cohort who ever enter. This 
pattern, or "spread"of entrance, has remained virtually static (except for a varia- 
tion for males for a brief period in war and post-war years) and is held constant 
for the future. 

The total numberof entrants into college for each projectedyearisarrivedat 
by summing the number of entrantsin that yearfrom each relevant age-cohort. 

Rates of completion of undergraduate and first-professional degree tramii:^ 
were ascertained for the period 1952-1972 for each sex- Thes^ rates were then 
developed for the future frop a trend projection based on the rates of the last 10 
yearS/ utilizing a straight-line least-squares regression method and weigh ting the 
trends of the more recent five-year period twice as heavily as those of the earlier 
period. 

The time-pattern, or "spread" of completion of this stage of the high:?r 
education process is also demonstrated in this phase of the basic model. The 
spread has remained constant for each sex and is held at the same rates for the 
future - 

The total number of baccalaureate and first-professional degrees for each 
projected year is arrived at by summing the number of such degrees earned that 
year by members of each relevant entrance-coho.^'t. 
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Rates of entrance into advanced-degree study were ascertained for each 
broad science and engineering field, for each sex, for baccalaureate cohorts of the 
penQd 1952-1971- Future rates were developed from trend projections based on 
the rates of the last 10 years, utilizing a straight-line least-squares regression 
method and weighting the more recent five-year period twice as heavily as the 
earlier. 

For each sex-field, the percent of entrants into graduate study who enter 
within specified numbers of years after acquisition of the baccalaureate is in* 
dicated, (This pattern^ or "spread" of entry, has remained constant for each sex- 
field in the past and is held constant for the future,) 

The total number of entrants into advanced-degree^ study each year is 
arrived at by summing the number of entrants from each relevant baccalaureate 
cohort. 

The rate of acquisition of the Ph,D, degree among entrants into advanced- 
degree study was determined for each broad science field, by sex, for graduate- 
study entrants of the years 1955-1964. (The period of observation of past data 
covers entrants of these years and Ph.D/s through academic year 19TO-71.) 
Because of the bck of data indicating a particular trend, it is assumed that the 
future rate of acquisition of the degree will remain constant at the most recently 
observed level 

Of those from each cohort of entrants into advanced-degree study who at- 
tain the Ph.D., in each sex-fieldr specific percentages of entrants areshown to ac- 
quire the degree within certain numbers of years after entry. This pattern, or 
"spread^of acquisition of the degree, has remained constant in thepast and is held 
constant for the future. 

- In each sex-field, the total numberof Ph. D.'s earned each year is arrived at by 
summing the number of Ph.Q's earned that year hy members of each relevant 
entry cohort. 

Rates of retention in advanced-degree study for entrants into such study in 
the period begir^ning 1955 were ascertained foranumber of years (typically six) 
after initial entry. (The percentagesof entrants who remain enrolled for spenfied 
numbers of years may differ from field to fieldi for each sex, and over time.) 

The total number of enrollees for advanced degree study in each year 
through 1955 is obtained by summing the numbers from each relevant cohort of 
entrants enrolled in study that year. 

Market-Related Model This model constitutes a variation from the Basic Supply 
model in that it incorporates a recursive feedback from the status of the employ- 
ment market for doctorate scientists and engineers to the fraction of science and 
engineering baccalaureates entering graduate school. Freeman^ and others have 
demonstrated the existence of this type of feedback effects and episodes during 
the last twenty years, especially those in the early seventies. The Basic Supply 
model does not completely ignore market factors since it places special weight on 
recent trends, which certainly reflected market feedback. However, future 
markets are not taken explictly into consideration. Consequently, the Basic Sup- 
ply model probably provides doctorate production figures that are on the high 
side. 



' R. B. Freeman. Thf Mdrivl for Coikgf Trained Manpowfr, Cambndgei Harvard UmversUy Pr^ss, 
1971. 
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If ofit thuf considers that ^ weakening of the labor market for doc;^rite 
scientists and engineers will adversely affect decifitons of science baccalaureates 
to enter science^ one can state this in the following expression: 




wf)ere (alt symbols and numbers pertain only to science and engineering): 
M - market model 
B - basic model 

G ~ rate of entry of baccalaureates to graduate education 

U* ^ number of doctorates employed in R&D/ academic or appropriate 
^ ''other^' positions at projected by the Basic Model 

S* = total number of doctorates available for employment as projected by the 
^- Basic Model 



hi 

= rate of utilization of doctorates 



K = constant 
t = year 

i ^ f rea of science (physical sciences^ sodal sciences, etc.) 

This equation will be used to develop the numbers of new science and 
engineering doctorates in the Market Related Supply model using for all other 
steps the methodology developed for the' previously described Basic Supply 
model. These numbers are expected to be generally lower than those generated 
by the Basic Supply model since the Basic model projections generally indicated 
somcwhatof anover-supplyofdoctoratesJ.e.,R' Bj was generally smaller than 
1: The value of the Constant K will be calculated from the only two data periods 
avatlaUe> the 1964-67 period when there was essentially no non*utiljzatton of 
science and engineering doctorateSf I.e./ R^ BI964 -^^and 1972 whenRgwasas 
k>was .69 for social scientists. Using averages for actual dataon baccalaureate and 
first-year graduate enrollment figures one obtains from the following 
expression: 

64-67 68-71 ^\ 

= K 



i -1 
72 



Averages of G for three year periods will be used and since neither G^^^*" '^71 
data are available^ the R^^ f'g^i^ will have to be utilized as the closest 
approximation to R^i- 
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bnmigration and Emigration 

Foreign-trained scientists and engineers have played a significant role in the 
scientific and technical activities of the United States, and, until the rapid growth 
of U.S. graduate education after World War 11, represented a large share of this 
nation's doctorate labor force. Foreign- trained doctorates are expected to con- 
tinue to migrate to the U.S. even in faceof potentially unfavorable employment 
conditions for doctorates and stricter immigration regulations, because rebtive 
employment opportunities as well as economic and political conditions in the im- 
migrants' countries may serve to mitigate the potential dampening effect of the 
employment situation in the U.S. These doctoratesare projected, in both models, 
to continue to immigrate-at the samelevelestimatedior Fiscal Year W73— which 
is one-half to two-thirds the pace of previous years — as a result of changes in im- 
migration regulations in early 1971^. 

Emigration 

Though the total supply of science and engineering doctorates in the U.S. is 
improved by the immigration of foreign- trained doctorates, not all doctorate 
recipients from U.S. schools are added to the supply. About 15 percent of the 
science and engineering doctorate recipients in the 1971-72 academic year were 
not citizens of the U.S., and nearly II percent of the recipients (not necessarily 
confined to non-U.S. citizens) indicated of emigration could be expected in the 
future. It is also conceivable that the numbers of foreign students, especially 
from less developed countries, could decrease, and this has been indicated by re- 
cent graduate school enrollment data.^ Several factors have influenced this 
decline, including reduction of Federal funding of graduateeducation, overabun- 
dances of professional workers in less developed countries and the increasing 
costs of obtaining an education and living fn the U.S. 

Attrition 

Attrition of doctorates from the labor force was ascribed only to deaths and 
retirements and was computed for tbe total doctorate population by five-year age 
groups, for <>ach year of the projected period for ^ch science/engineering field. 
iVlen and women were assumed to exhibit the same patterns of labor market at- 
tachment by age. The attrition rates applied were those for al) men in the labor 
force by age.^o 

It is assumed that women doctorates, rather than exhibiting the working life 
patterns of all women, would behave more like men because of the time, effort 
and capital tnvestedin their educations and their careers. In addition recent anec- 
dotal evidenrr indicates that women doctorates may benefit more from more 
favorable labor market conditions than men due to efforts made by employers to 
0 compensate for sex discrimination of the past and attempts to comply with the 

equal opportunity employment goals of the present. 



" ForJciAil on FY 1*^72 immif^rAtJon see $itfnit Rt$&urtft Siutiu^ Highlights "Immigrant $ctcnh£t£ 
and £nf;mcer^ Dedme ii» FY 1972. PhyHctan» Increase Sharply", NSF 73-311. August 1973 
* L>>pubhshcd NSF data 

' ■ Ftillorton. Howard f "A Type of Working Ufe Table for Mvn/' Monthly Lavi/t Rtviem.itifyf 
1072 
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UTILIZATION 

Two utilization models were developed in this study— the first, or Basic 
model, relies upon current (197Z) utilization patterns and trends of the last half 
decade to project the utilization of all scientists and engineers and the share doc- 
torates v/fll represent between 1973 and 1965. Total science and engineering 
employment has been projected, by work activity— academic teaching, R&D, and 
other scienttfic/engineering^related acttvity-^in relation to projected changes in 
the economy and enrollments 1ft colleges and universities. Doctorate employ- 
ment in these activities has been projected as shares of the new positions that 
result from growth and replacement needs in the projected period* In^the Basic 
model, enrichment trends— the proportion of new positions that were or would 
have been filled bynondoctoratesbutare projected to be filled by doctorates— are 
based on present utilization patternsor trends of the past few years (v}heresuch 
data were available). In the Market^Related model theenrichmentwas projected 
to progre^ further in every sector and activity on the basis that an increasing 
number of doctorates will be used because of their availability and relative reduc 
tions in their cost. 

The utilization models have been divided into the activities which scientists 
and engineej^ perform-^academic teachings R&D^ and other related 
science /engineering activities. 

A. Academic Teaching 

Requirements for doctorate teaching faculty depend on three factors^the 
workload in terms of enrollments and student: faculty ratios and the proportion 
of teaching faculty represented by dottorates. Inboth models doctorate academic 
teaching faculty utilizations were projected as products of projected total science 
and engineering enrollments and student : faculty ratios. 

Basic Uiilizaiioft Modd. Total science and engineering enrollments in four-year 
colleges and universities were obtained by, summing graduate enrollment as ob- 
tained above (see section under supply under the Basic model) and undergraduate 
enrollments. Total graduate enrol!ments in each year to 1985 were obtained for 
each field by summing the numbers of students from each relevant cohort of en- 
trants enrolled in study that year. Undergraduate enrollments for each year pro* 
jected were developed by assuming that the ratioof undergraduate students tak' 
ing courses in each field of science/engineering to total undergraduate 
enrollments would be proportional to the science/engineering to total baC' 
calaureate ratios. 

Student : faculty ratios were derived by dividing the sum of undergraduate 
and graduate students by the total teachmg faculty. This procedure was carried 
out for each field. Finally, new doctorate employment was projected as a constant 
share of growth and replacement needsof the total science/engineering faculty. 
These ratios were held constant in the Basic Utilization model to preserve for 
four-year colleges and universities. 

For two-year colleges^ U.S. Office of Education projections of enrollments 
were used and projected to 1965. The total number of students were divided by 
the studeni : faculty ratio to obtain the number of total science /engineering 
faculty. Acompounded growth rate of 6.6 percent per year was applied to the doc- 
torate to total ratio for openings due to growth and replacement of total 
sciencck>. .^ineering faculties. This rate or enrichment is the same as thai actually 
experienced in these institutions between 1969 and 1973. 
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Markd*Rehied Utilizathn Model As can be seen in the Market- Related Supply 
N^eli certain adjustments were made in graduate enrollments due to the feed*^ 
back from imbalances arising in the Basic Supply and utilization projections. For 
undergraduate enrollments no adjustments were made. Thus/ the adjusted 
graduate enrollments were added to the numbers of undergraduate students to 
obtain adjusted total college enrollments (exdudin'g two-year colleges). The two- 
year projections are derived from their own trends in relation to the Id and 19 
year old population. 

In this modeli student : faculty ratios in four-year institutions are increased 
by one percent per year for the period, in consideration of the colleges' 

financial plights of recent years and their attempts toimprove productivity and to 
hold down the growthof their costs. Then, total science/engineering faculty to be 
utilized in four-year institutions was derived in the same manner as in the Baste 
Utilization model. Enrichment of faculty teaching positions, in terms of the doc- 
torate share of total faculty, in the Market-Related modeUs projected to increase 
iniour-year colleges and universities at a somewhat arbitrary 5 percent com** 
pounded rate of growth (of new positions and of those resulting from death and 
retirement replacement needs). The rationale for this growth is based on the 
greater availability of doctorates and the desire of institutions to upgrade the 
faculties' credentials. 

- i 

In two-year institutions/ the student : faculty ratio was decreased by one- 
tenth of a student per year for the projected periodi as theseinstitutions aspire to 
improve the quality of education they provide. Finally, in view of the greater 
availability of doctorates^ an even higher percentage of doctorates to total faculty 
are expected to be hired for new openings. ITiuS/ a 9.9 percent compou nded an- 
nual improvement in the doctorate to total faculty ratio was projected to 19d5. 
This'represents a 50 percent improvement over the actual experience of the last 
few years. 

B. R&D Activities 

BflSiV Uiilizaim Model The second major activity of doctoral scientiflts and 
engineers is research and development. The number of scientists is based on ex* 
penditures devoted to the performance of R&D. These expenditures were pro- 
jected/ within the framework of GNP projections in terms of constant dollars, for 
each of the R&D financing sectors and translated to the R&D performing sectors 
of the economy on the bastsof current national patternsof R&D funding and per- 
formance. Major emphasis in the funding projections by sector is given to the 
subsectors or activities which account for major portions of the activity. For ex- 
ample, within the Federal Government, funding of such objectives as defense/ 
space/ health and agriculture were examined; while in the industry sector^ all ma- 
jor SIC groups such as chemicals/ and electrical equipment/ have been studied. 
Relationships of company R&D funding to sales are used as the basis of industry 
projections. Two R&Dexpenditures projections exist currently. These dif fee' by 
about 10% and the average of the two was used. 

Total science and engineering employment estimates are generated by pro- 
jecting diange of R&D costs per employee on the basts of 1961*72 trends (abouf 



FalL Charles H "Dynamjcsand Forecasts of R&t) Fundings ' Ttthnift^tcai Ckai\$f anJ S0nfiy.}une 
lP74f and NSF - currently in press 
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one percent annually) and applying the results to projected R&D funds available 
for each sector. E>octoral employn\ent, as a share of total employment is projected 
to remain at the 1972 levels through 1985 in the Basic mcnJel to sim ulate the 1972 
situation* No enrichment of total science and engineering employment by doc- 
torates is projected in the Basic Utilization model. 

Markil'Rilahd Model In this model adjustments are made for academic 
employment enrichment/ which is projected to increase at a cOmpou nded rate of 5 
percent a yean and similar enrichment in the nonacademic secbor of^ percent 
yearly. 

C* Other Science/Engineering Activities 

Ba^ic UUtizaiicn Modei The last sector of utilization of doctorates comprises 
variety of non^teaching/ non-R&Dactivitiesof scientists and engineers. Included 
are such activities as: administration of science/engineering related activities, 
consulting/ production control and clinical practice (primarily for psychologists). 
Of the total number of scientists and engineers employed innonacademic, non- 
R&D activities in 1972/ less than five percent had science/engineering doctorate 
degrees. Total science/engineering employment in these activities has be^n pro- 
jected by BLS within the frame of the overall GNP and employment projections 
cited previously in this paper.i^ DoctOrate employment is projected as a 
proportion of total scientists and engineers employment in nonacademic, non 
R&D activities. The Basic Utilization model assumes noenrichment of doctorates 
in this sector. 

Markil'Rilalfd Modet. This model of utilization incorporates a 5 percent annual 
cumulative enrichment/ on the assumption of an abundant supply of doctorates 
and the anticipated narrowing of differential cost to employers of doctorates and 
nondoctorates. 
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RELATIONSHIP OF BASIC AND MARKET MODELS 

The progression from the Basic to the Market-Related models in these 
analyses represents the initial phases of a continuing recursive process that 
reflects the operational mode of the real world— if it were to act "rationally" in 
economic terms. Ideally the Market-Related Supply model should generate a se- 
cond order Market-Related Utilization model with feedbacks on the supply 
model. ThiS/ in turn will influence the market again and these interactions con- 
tinue ad infinitum. Thus, any external modification of the supply or the utilization 
will have recursive repercussions on the other element of the labor market. 
Attempts to influence supply/ for example by decreasing support of graduate 
students/ will produce reductions in the demand for teaching faculty— which 
then may produce feedback to reduce the supply even further. ThuS/ if one tries 
to intervene in the production or utilization processes/ one should be fully aware 
of the multiple recursive effects. 



»i Rosenthal. Nwl H.* "The United States Economy in 1985, Projected Changes in Occupations,'' 
Monthly Lihor Reutcw^ December 1973. 
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IV. Doctorate Scientist and Engineer Utilization in 1972 



In mid-1972* 236/000 persons with doctoral science andengineeringdegrees 
resided in the U.S. Of these, 228,600 were in the labor force^225f900 employed 
and 2,700 seeking work. The remammg7/600were either retired or not seeking 
work for other reasons." 

Table 7.4 indicates that 93 percent of the doctorates in the science/engineer- 
ing labor force wereempbyed In technical activities^ 5.4 percent were engaged in 
non-technical activities, and unemployment claimed 1.2 percent. (G)mparable 
unemployment rates at the time of the survey were 4.7 percent fbr the total 
civilian bbor force and 1.9 percent for allprofessional and related workers.'^) It is 
tempting to define the 5.4 percentof the doctorate labor force employed in non- 
sdence/engineering related work as being "underutilized." However, economic 
evidence disputes such an assumption. Ftrsti there is no relationship between the 
unemployment and nonscience employment by field of doctorate (see Table 7.4) 
and second/ the income data from the survey show higher earnings for the "non- 
science related" workers than for their colleagues in science-related employment. 
Thus, while the very presence of unempbyment is an indication that un- 
der utilization probably exists, there is no definite measure of its magnitude. 

As one might expect a strong relationship was found betwec^n doctorate 
level employment in science apd^ngineering and the employment of persons 
with doctorate degrees in the respective disciplines. Table 7.5 distributes the 
science and engineering jobs filled by doctorates by the field of degree. In all but 
mathematician and the social scientist jobs/ less than one percent were filled by 
non-science doctorates. In each empbyment field, except for mathematics^ more 
than 80 percent of.th'e positions were occupied by holders of degrees in the 
respective fields. 

Educational institutions employed nearly 60 percent of scienceand engineer- 
ing doctorates in 1972; however^ the proportions varied widely, from 80 percent 
of the mathematicians to 36 percent of the engineers. Industrial and other 
business organizations employed 22 percent of all doctorate scientists and 
engineers, but nearly half the engineers an Jless than 5 percentof the social scien- 
tists. Governments employed ^bout 10 percentof all doctorates, but 5 percent of 
the mathematicians and 12 percent life scientists. (See Table 7.6.) 

Functional activities of these doctorates were not as clearly determined as 
other parameters. The survey produced the numbers of individuals "primarily 
engaged" In each of these activities. On this basis/ activities relating to the con- 
duct of R&D— research, development, and the administration of R&D— 
accounted for more than 40 percentof all doctorates. This also varied by field of 
employment— nearly 60 percent of theenglneers were primarily engager! in R&D 



Data in this S«ctU)n are based qh i survey conducted by tho National Research Council for NSF. 
Theyorelhe results of ihe responses of mdjviduals who received theirdoctcratedegrees in the school 
years ending from IW to 197Z The survey of doctorates undertaken by NRC for NSF also revealed 
that some 7*900 persons who had received de^ree^ in holds other than <;cience or engineering in- 
diwled employment t|> a saence or ei^gmeermg f jeld in 197Z. NRC DetlPraiScittih^l^and^t^g***"'^ 
UniUJ States A **?7J Profile. 1974 <in press). 

"* U.S Council of Ecoivjmic Advisor*.* i(onomi< Report ^fiht PmtJenL February l974. Washington^ 
D.C: U.S Covernmei^t Printing Office^ 1974,. TableC-Z4,. and U.S Bureiuof L^bor Statistics^ £inp^- 
ntent jtnJ Eartitngy* Nov. }97X Table A-35. 
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related activities, whilb less than 20 peront of the social scientists were similarly 
occupied. Those primarily engage in teaphing accounted for over 35 percent of 
all doctorates, 60 percent of the mathematicians^ and 50 percent of the social 
scientists, while claiming a fourth of the engineers. 



Table VA 

Ltbor Forct and EmptoymiHit Status of Sclmce 
and Englntarlnfl Doctorttat, 1972 



Labor Force Statu3/£mployment 


Tolar 


Physfcal 
Sciences 


Engi- 
neering , 


Mathe- 
malics 


Life 

Sciences 


Social 
Sciences 










Thousands 












236.0 


69^ 


35.1 


13.6 


61.1 


56.6 






7.6 


Z4 


a5 


6.4 


2.4 


1.9 








66.9 


34.6 


13.2 


56.7 


55.0 






225.9 


65.6 


34.3 


13.0 


56.1 


54.4 






2114 


62.1 


33.0 


12.7 


56.0 


49.4 






1^5 


3.7 


1.4 


0^ 


2.1 


5.0 






2.7 


1.0 


0^ 


0.2 


0.6 


0j6 










Per<^nt distritiulion 










100.0 


100.0 


100.0 


100.0 


100.0 


100.0 








96.4 


99.2 


96.6 


99.0 


99.0 






St3.3 


93.0 


95.2 


96.1 


95.4 


69.9 






5.4 


5.5 


4.0 


Z5 


3.5 


9.1 






1.2 


1.6 


0.8 


1.4 


1.0 


1.6 



• Jf>cJud« thow pefceftt) with unknown ttew oJ d*gf oe. 



Comporwit* mty noi Add to totals b«eius« ol indtj>entf«At rounding 
Soufvo: rtatkHui Sei«nc« Foimdttion «Ad NtUonai RM««rch CouncU. 
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TiMt7.5 

FIfttd OUtribution of Ooclorttt ErfH>toymtnt 
in ScitfiM jind EngiiiMring, 1972 
(ptrttnt) 

Fiei<t of Employ rnent 

^ Pnyslcal Mathe* Life Social 
Fiel<t of Degree SclenHste matidans Enpineefs. Sdenlisls Sdentisis 

Total 10Q.0 lOao 100.0 I0Q.0 IOOjO 

Physical sciences ^ 99.6 6.5 14.6 7.3 0^ 

Mathemsflcs a3 74.9 1.6 0.4 0<2 

Engineering ^ 4.3 8.1 81.2 0.5 0^ 

Life sciences ^ 4.5 0.7 1.1 88.3 1.0 

Sociar sciences . 0.5 2^9 08 2^8 66^ 

SuMolalaJI sciences 99.2 93^ 9^3 88.7 

NOn^ienCes 0.9 6l9 0.7 0.8 11.3 

notr CoinpoA*ni» may noi Add lo touit i>«cavM «r lnd«p*fKM rounduig. 
Soutcr. KtUocut Sct«M« Fountfiftkm «a4 Itetlof^ 



Table 7.6 

Estimated Sector and Primary Activity of Employed 
Ooctorate Scientists and Engineers by Field, 1972 

Field of Degree^ 



Activity/Sector 



Total 



Physical BnQ^ Mathe^ Life Social 
Sciences neerinQ rnatics Sciences Sdencefr 



Thousands 



Total 


225.9 


65.8 


34.3 


13.0 


58,1 


54.4 






Percent distribution 










100.0 


100.0 


100.0 


100.0 


100.0 




36.0 , 


29.7 


24.9 


60.3 


31.2 


51.0 


R&D 


43.2 


57.1 


58,4 


27.8 


50.7 


19.1 


Other* 


20.7 


13.2 


16.6 


11.9 


,18.1 


29.9 


Sector * Total* 


loao 


100.0 


1000 


100.0 


loao 


too.o 


Academic 


58.5 


46.4 


35.8 


79.5 


67.6 


72.4 




22.1 


35.3 


48.3 


11.9 


11.3 


4.5 




. ... 10.3 


10.1 


9.8 


5^ 


12.7 


7^ 


Other* 


9.1 


82 


6.1 


33 


8.5 


15.7 



^ Includes per4<MS mth iioctottm m »ciertce^er>girt««r«Ag rt«tds 

avAitabr^ tnftMmatiOrt on ihet« (ti»r»buiiOns by MiO cl eoiploymonl was us«<I Sucn (5islri button oyfi^ld 
Oi d^f«» will be itSi)tfS tn a r^rer otM 
^ InctudM no ttQOt 



Cbinpbn«nis may nol add to iGW% because b1 KK}epend*ri lound^ng 
Sourc« NAttooal SCiMXtf Fowri<5ation tna ri«l>onai ReMarch Council 
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8. Manpower Requirements Analysis and the 
Skill Composition of the U.S. Work Force 

This chapUr is hastd on Dr. fmmans oral presentation and kis paper. The Uad diseussanls were 
Thomas }* Kennedy, Jr., M.D.* National Institutes of Health, and Hugh folk. University of 
linois. ■ 

Richard B. Freeman: ^ 

Professor, Department of Economics, Harvard University 

This presentation makes use of the formal paper as welLas another paper, 
"Forecasting thePh.D. Labor Marketr Pitfalls for Policy"^ written with Dr. David 
Breneman this year, which in some ways even more closely treats the subject of 
the conference. ^ 

Most economists, myself included, have criticized the fixed coefficient 
models 'n the Freeman-Breneman piece we cited four problemsi absence of 
wages^nd prices; failure to link forecasts to policy; neglect of the supply b^avior; 
ignoring interactions and feedback among economic variables. In the paper 
before you/ 1 take a different tack: in a more positive view, I propose that the fixed 
coefficient model be reinterpreted as a forecast of flri/ff in the level of demand for 
a broad disaggregate collection of skills, rather than of actual levels of employ- 
ment. 1 believe that, so interpreted and used, the model provides useful informa- 
tion often neglected in the standard price theory model. 

The question i raise fn the paper is: Does knowing a tot about the changes in 
industrial mixt which is really the key thing that makes these requirements 
models go, give us a good notion of the shift in the demand curve? And I might 
just point out that forecasting shifts ts the most difficult part of any forecasts 

I tend to believe the supplycurvesarequite stable and reasonably elastlo and 
we can indeed learn a lot about the supply behavior. And with that part of the 
models put out by the BLS or NSF/ 1 am very, very dissatisfied. 

The demand side is much more complicated. It is complicated tn the science 
area because there is a squeaky v/heel of government which changes its policies 
left and right. It's complicated also, in somesense/becauseprice theory tells us lit' 
tie about shifts in demand curve. 

The paper examines the value of requirements calculations i^ getting a fix on 
this shift and compares the importance of the shift in demand with movements 
along demand curves In determining employment. It is based on highly dis- 
aggregate data— occupation/industry matrices from the 1950 and I960 Censuses 
which relate employment in 22$ occupations to 142 industries giving us two 
matrices with nearly 26/000 elements. It assumes that we knew/ in fact/ the 1960 



< Frcemjn. R.B and Breneman, D.W ."For<»cjstmji ihe Ph Labor Markei Pafalls for Policy." 
Naiionaf BoAtd on CWuate Education (AphI 19741 
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indusfry totals and examines how well ocaipahcnat employment could predicted 
using the 1950 inciustry/occupation matrix. The model will do a good job if: (a) 
there is a lot of change in the distribution of employment among industries; and 
(b) there is relatively little change in manpower coefficients— percentage of 
workers with different occupational skills— within industries. Put another way, 
the fixed coefficient model will work if there are large shifts in demand due to 
changes in industrial mix and reasonably small elasticities of demand. 

The first evidence that bears on this empirical issue is given in Table 8.1 (in 
the accompanying paper), which records the means and standard deviations of 
log -changes in employment and income from 1950 ^o 1960. Foremployment, the 
large standard deviations reveal enormous changes in the number of persons in 
various occupations or industries. Forincome, on the other hand, there are rather 
small standard deviations^ which means that the income structure was more 
stable than the employment structure. This does notJ must stress, mean that in- 
comes in particular areas— like the sciences— do not change greatly relative to 
those elsewhere. The Freeman-Breneman paper shows very sizeable changes in 
the income of Ph.D.'s relative to that of other workers. What it does mean is that 
in the broad a$gre$cik the composition of employment changes a lot while the in- 
come structure changes only moderately. 

There are two possible explanations. One, which 1 support, is that the supply 
structure was very elastic and stable and responds to large shifts int^emand. The 
other explanation is that demand is very elastic^ adjusting to large shifts in supply. 
Either is consistent with great changes in employment and small changes in in- 
come. 

in support of the former explanation^ it is shown in Table 5.2 that 
bgarithmic changes inemployment^ as forecast by the fixed coefficient model ac- 
count for a large share of the actual logarithmic shifts in employment among oc- 
cupations. By themselves, the forecasted shifts are found toexplain44 percent of 
the actual logarithmic changes in employment and 55 percent of the absolute 
change in share of total employment. Addition of other variables, including es- 
timates of changes in supply contributes only 5 or 10 percentage points to the 
and does not detract greatly from the impact of the shift variable. 

Table goes a step further and— with two»stage least squares 
regressions — estimates directly the extra "oompa"weget by taking accountof ac* 
tuai changes in occupational wages in making forecasts. Because the data consist 
of wages in different occupations in 1950 and I960, the analysis is forced to 
assume that there is a single elasticity, which tS clearly a gross simplification. It ig- 
nores differences in the elasticity among occupations^ connections between oc- 
cupations, and so forth, it's very, very crude. Even so. there is a clear negative 
coefficient on wages, indicating that there are Important substitutions among 
skills, an estimated elasticity of around -0.6. But, and this is the cruK of the 
matten because the standard deviation of the wage structure is small relative to 
. that in the employment structure, a much larger elasticity is needed for wage 
changes and substitutions to have a major effect on employment via changes \n 
manpower skill coefficients. As far as can be told from the disaggregate cro^s- 
sectiona! changes In the Census data, the eUstictty is not that big. Knowledge of 
changes in wages and substitutions m^tterb, but nut thai mtuL I concluded that ^s 
a first approximation, the fixed coeffirient model does a tolerably good |ob in ac- 
counting for changes in occupational employment —given, of course, exogenous 
changes in the Industrial mix of jobs. 

The fact that the fixed skill coefficients assumption works reasonably well 
from one perspective does not. however, mean that in fact coefficients are con- 

IbO 



st!ant. The next part of the paper examines changes in coefficients wUhin in- 
dustries. Why do some industries experience large changes in the mix of skills and 
others, small or no changes? 1 hypothesized that these differences were due to: 
the amount of R&D and concurrent technological change, theamount of invest- 
ment in plants and equipments and total growth of sales. The results^ which sur- 
prised me, were quite good. It turns out, as the evidence in the paper shows, that 
each of these factors counts a lot— explaining 64 percent of the change in coef- 
ficients (defined as the summation of the absolute value of difference in coef- 
ficients between 1950 and 1960). It is possible then to identify industries with 
likely future changes in skill structure. 

In this discussion, 1 will skip the estimates of the supply schedules of young 
persons to occupations in Table 3.4. 1 believe that other experiments reported in 
T/ff Labor Market for Coih$e'Traimd Manpower (Harvard University Press, 1970) and 
various succeeding papers, cited in the Freeman-Breneman paper, provide 
superior estimates and tests of supply responsiveness, using better data, 
measures of variables, etc. The only point is that the supply analysis does holdup 
in the framework and data of this model also. 

Finally, 1 conclude by examining the vaiueof my demand-shift variant of the 
fixed coefficient model to explain the "Griliches' relative wagepuzzle.^'Griliches' 
puzzle was that, despite the enormous increase in the numbers of college 
graduates in post-war years^ their wage was virtually unchanged relative, to that 
of other workers. My explanation is twofold: first, during the 1950's and 1960's 
when the supply of college workers was increasing, so too waf demand, as es- 
timated by the fi^ced coefficient index. During the period covered by Griliches' 
data, changes in industrial mix increased demand by roughly as much as supply 
was increased by the inflow of new college graduates^ preserving wage ratios. 
Seconds I present dita that shows substantial declines in the ratio of college star- 
ting salaries to average earnings after 1969— the dissolution of the puzzling 
fact--when supplies continue to grow while the relative demand index leveled 
off. The regression estimates show that the changes in supply and demand ac^ 
count for the bulk of the time path of stability and changes in income ratios. 
Because I believe these changes to be extremely important, 1 intend to comeback 
to this answer to the puzzle in future work. 

The lesson of the paper i$ that fixed coefficient models, treated as estimates 
of shifts in demand schedules, do providea good fix on shifts^ and thus on changes 
in employment and income. This does nof mean, however, that if one is interested 
in particular occupations such as engineering or physics or chemistry the ap- 
propriate thing is to use a giant fixed coefficient modelof the type analyzed in the 
paper. Far from it, if one is interested in a specific occupation, one wants to use 
much more information— about elasticities, which can differ greatly among oc- 
cupations; about wage changesr which canalter thepositionofa particular area in 
the income structure greatly (as in physics in recent years); about possible 
technological developments; and so forth— than i$ available in an industry/oc- 
cupation matrix. Time series data should be employed^ along with changed cross^ 
section data, possibly along lines described in the Freeman-Breneman paper. 
Moreover, to be useful for policy, it is necessary to tie both the demand and sup- 
ply sides of the market to particular policy control variables^ which is absent from 
the usual projection models and makes them not very useful for many people. As 
estimates of shifts in occupational demand schedules due to charges in industrial 
mix, the fixed coefficient models are useful but much more is needed to increase 
their value in economic and policy analysis. 
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Thomas |< Keimedy/ Jr,/ M,D, 

Associate Director/ Program Planning and Evaluation, National In- 
stitutes of Health* 

The NIH was called upon by Office-of Management and Budget to justify 
future expenditures for its biomedical research training programs in 1969. Two 
lines of argument were developed: demand predictions based on relatively simple 
mathematical models, and fustiftcatioh based on policy considerations. 

Figure 6.1 shows the basic conceptual framework for discussing research 
training. It attempts to illustrate the flows of individual sdentists into and out of 
the pool of biomedical research manpower. This pool is expanded by the entry of 
scientists and research -trained physicians from graduate schools and medical 
schools. For physicians, there is a substantial "leak" from the pool into medical 
practice— -with or without part-^timeteaching— of probab^ly no less than 6 percent 
per yean by the ageof forty or so, after ten to fifteen years of research and often 
after an individual's creative research peak has passed, manyphysicians shift into 
an alternative socially productive and economically. rewarding career. In this 
sense, medical research for physicians has not been professk>nalized and the 
sodaIprpbJemj)f maintaining themin research, when their^^ 
begins to wane, does not exist. No comparable alternative career path outside 
academe could be identtBed for academic doctotates. 

Figure 8,1 ^ 

Training Pipelines into Biomedical Research, 1971 
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Future dem'and based on the dynamics of turnover of this pool was calculated 
under a variety of assumptions and the predictions were used as a basis for 
justifying * research training expenditures. There is no evidence that the 
demonstrated continuing demand for research sci'^ntists, reflecting a predicted 
steadying but small increase in Federal obligations for biomedical research^ was 
convincing to higher level policy-makers. 

in terms of the policy aspectsof this question^ our analyses led us toconclude 
that: 

* NIH since its contributbns to the total cost of graduate training in the 
biomedical sciences was relatively small could not control or probably 
even critically modulate the number of doctoral degrees awarded. 

* The NIH would have to take an unacceptable riskif it were to attempt to 
fine-tune the distribution of doctoral candidates and doctoral awards by 
sub-field, sub-discipline, or sub-specialty. The rapid pace of research, 
combined with the long period required to complete training, accounts 

■ for the difficulty in forecasting the need for" scientists by discipline or 
field of science. 

* Prevailing policies and practices of the NIH with respect to itd training 
' program exerted their major effect with the provision of assistance to 

high quality training sites, enabling such departments and Institutions 
to offer a thoughtfully organized training experience to graduate post- 
doctoral students. 

% ' 

The position that emerged from this line of analysis was to assign to Federal 
support the role of sustaining and improving the quality of the training ex- 
perience in institutions which awarded doctoral degrees and provided postdoc- 
toral training. Thus, the nature of the competition for training grants should be 
on the excellence of the training experience provided. Again/ this argument did 
fxot win enough votes to recommend continuation of the NIH's biomedical 
research training programs. 

The several years during which Iwas preoccupied with this problem of train- 
ing led me to some personal conclusions — emphasize the personal; I would not 
wish to have these views considered the official views of the NIH: 

* Federal support for training and the magnitude thereof i^ more a value 
question of appropriate Federal role than a number question based on 
supply-demand considerations. Quantitative predictions about need 
may vary over a wide range and yet have complete intellectual respec- 
tability. This is because the system is complex, the rate processes aredif- 
ficult to quantify^ and the parameters to which estimates of demand are 
sensitive (e.g.^ Federal research expenditures) are highly unpredictable, 
etc. If the battle for Federal support of training is waged on the ground of 
supply-demand predictions^ equally credible numbers justifying high or 
low investments can be derived by advocates of any predetermined posi- 
tion. 

* Another objection to the use ot demand forecasts relates tooperational 
consequences. Even if future demands oould forecast with a high degree 
of precision, how could supply be matched to it in practice? How, for ex- 
ample, would the 200-odd universities which award doctoral degrees in 
physics mesh their efforts to produce t.347 (or any other precise 
number) doctoral awards in t979? 
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I would jbvonderif Federal support of trairung qua training should not dis- 
appear as a line item in the budget. If there are important Federal objectives to be 
achieved— and h for one, believe that improvement in the quality of the training 
opportunities offered graduate students is a most important one— a mechanism 
that does not rely on head counting should Reemployed. One device might be to 
provide funds for such purposes coupled somehow or another to the success of a 
department or institution in competitively securing Federal research support in a 
given discipline or Held of science, on the assumption that the most meritorious 
research environments are the best for training graduate students. 



Hu^ Folk 

Director. Center for Advanced Computation 
University of Illinois 

First, some brief comments on Dr. Freeman's paper.The special occupational 
groups that we are concerned with may have different supply characteristics, and 
these may not be asebstic as low-^skill occupations. But the principal conclusionis 
correct, and it is extremelyimportant: occupational structures are more variable 
than wage structures. That makes the task of predicting demand easier in the 
sense that we don't have much information on wage changesor theelasticitiesof 
demand with respect to wages. Therefore, th^ very limited help that we do get 
from the fixed skill coefficients can permit us tohiake some rough predictions of 
future demands of various occupations and industries. 

In regard to Dr. Faik's paper, I with to disagree on a number of points. His 
paper attempts to answer an exceedingly important question/'Is the outlook for 
Ph.D.'s in science and engineering a catastrophe, as shown by the basic model or 
is it merely to be a disaster?'' Falk's basic model is the good old mixed integral 
finite difference model which tries to deal with a dozen or more variables and a 
number of trends. 

Specifically, Idisagree with'jsevei'alprocedures. The useof double-weighting 
for the last five years in a study that covers the last ten years, emphasizes the 
market situation, and explicit market adjustments elsewhere in the model might 
then constitute double counting. I hope that we have seen the last of these basic 
models and that henceforth we will be concerned with market models. 

In the supply sideof th« market model,my first objection to making theentry 
rate of baccalaureates into graduate school dependent on the utilization rate is a 
fairly narrow mathematical one. The limit of the entrance rate in the market 
model approaches minus infinity as utilization goes to zero. This would beunfor- 
tunate; we can't reverse the process and make Ph.D.'s into bachelors. 

The definition of underutilization is a problem area also. If the utilization 
rate is utilization divided by the supply of the entire stock of people, and if 
ttttlizatton excludes those who are' working in some nonscientific field, then the 
rate is ilkely to be too high. A better measure of under utilization would be the 
proportion of Ph.D.'s earning less than, say, the average manufacturing wage, or 
the average wageof bachelor^s degree holders in a particular field. If you actually 
have, as you do in education, a negative rate of return on investment in graduate 
school, that is a real measure of economically significant underutilization; in 
other words, an advanced degree is not necessary to teach in primary school or in 
high school. ^ /• o 
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Market models reed to include an attrition rate which reflects the balance of 
supply and demand. \ the academically-dominated professions such as physics 
(where people are forved out or encouraged to leave as a reflection of thebabnce 
of supply and demand), the attrition is gang to be greater than it will be in com- 
puter science where there is an excess demand. 

On the utilization side there seem to be inconsistencies in the N5F models. 
For example^ the four^year institutions are assumed to have increasing student* 
faculty ratios. Thejuniorcolleges areassumed to han^e decreasing student-faculty 
ratios. This seems unlikely to occur since both kiq^of institutions are facing the 
same kinds of economic pressure. 

The assumption that openings due to growth SBd replacement in science and 
engineering facilities and industrial staffs wilt be increasingly filled by Ph.D.'s is 
^grj^ap^j^correct. In order toachieve their affirm^ive action goals^ Ifistitutions 
will be required to hire non^Ph.D.'s because the poolipf^ctorate-holding women 
and minority candidates is so small. Forexample^ in ^t^$v. Duh Fewer Cmpanyk 
was established that you cannot impose an educational requirement for a job un* 
less you prove that that education is necessary to perforins the job. Now if anyone 
cares to prove that you have to have a Ph.D. to teach tn a^university^ then they'd 
better not have any non^Ph.D/s teaching in that univerf^^ty. When the chips are 
down^ universities will be required to hire non*Ph.D. teachers to meet their 
affirmative action goals. This means that enrichment is not likely to be the case. 



General Discussion 

During the discussion that followed the presentations of Drs. Freeman. 
Kennedy and Folk, these points, some of which are at variance with eachother^ 
were made: 

^ Students use wage figures as indicators of the state of the labor market 
rather than as concrete fu^cure earnings.The average wage is less signifi^ 
cant than the b^udent's conception of where his abilities and knowlege 
will place him with respect to that average. 

♦ The National Merit Scholarship G)rporation asked essentially that 
question (of dispersal around the average wage) of college juniors and 
seniors and received a wide range of occupational choices with a very ac- 
curate distribution of incomes for them. Those students chose a wide 
range of expected average sabnes in a way that suggested that theiroc- 
cupation choice did not depend essentially on future expected income. 

* ^ Students would have more use for protected annual or career earnings^ 

for various jobs. Instead of projected manpower needs in those oc* 
cupations. What students are interested in is the lifetime profile of in* 
come. 

♦ Science students who expect to enter industry perceive their future 
quite differently than those who will enter academic life, so the two 
groups must not be lumped together. Also, because wages are often not 
the main driving force in leading students to enter a field, projections of 
supply must reflect this fact. 

* It is simply not socially acceptable in answering questionnaires to say.'l 
am motiVcJled by money." But. money factors should not be un- 
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derpldyed;it Is a factor in choice/ an obvious driving factor. People speak 
of alienation, but settle for dollars. 

♦ P^fessionals do not accurately perceive where their career will lead 
them/ in terms of eventual income. They perceive the first five years or 
so accurately/ but not the years beyond. ^ 

• Dr. Freeman's conclusion that supply is very sensitive to small changes 
in wage ts in disagreement with the^iews of some persons. The discus- 
sion included opinions/ without citations to results/ and the point was 
not resolved. 

The formal p^per prepared Richard B. Freemr for this session appears beloto. 

Manpower Requirements and the Skill Composition 
of the U*S. Work Force 

Fixed coefficient manpower requirement models, which are the basic tool of 
manpower forecasting/ have been severely criticized. The absence of substitution 
between various types of labor skills is often cited as a fatal flaW/ especially since 
econometric evidence suggests that elasticities are quite high.t The neglect of 
bbor supply behavior is another well known weakness of the approach/ which 
has led many analysts into simplistic forecasts of impending shortage or surplus 
crises.^ Yet another problem Jias been the close link between requirements 
methodology and rigid educational planning.^ As a result of these problems, re- 
quirements models anct more generally/ the demand-side determinants of the 
composition of skills and income have been overshadowed by human capital 
models of individual investments in skill. 

This paper seeks to redress this imbalance and reconcile the requirements 
and price-theoretic approaches to the analysis of labor skills. Section one argues 
that the fixed coefficient model is best interpreted as a tool for analyzing skifis in 
demand schedules in thecontext of a simple supply-demand model rather than as 
a device for forecasting manpower 'needs' or employment. The validity of the 
model depends not on the elasticity or inelasticity of demand for labor, but rather 
on its ability to track shifts in demand over time. Section two presents empirical 
evidence that a detailed requirements modelof the U.S, work force doeS/ in fact/ a 
reasonablygood job in accounting for differential shifts in the demand for labor in 
228 disaggregated occupations/ given changes in industrial employment. 
Paradoxically in view of the tie between the requirements methodology and rigid 
planning models/ the requirements analysis also provides a good fix on actual 
changes in employment/ not because demands for labor are inelastic,but because 
supplies are elastic. This section also examines intra-industrial changes in skill 
composition, using revealed preference index numbers to show that changes in 



1 Sw, in p^riicultir Bowlcf, PUnatttg Edttiahaa far Eiawmu CfrowtU (|-tjrvjrd Univcrfily Preff } 19&9^ 
Dougherty, "Substitution jnd the Structure oF the L.ibor Force/' LanoMit }ourttsiL$2. t70'l32. Blaug, 
''Appri^jChcs to Educjtion.il iljnning," EiCftiomti Jaurnal. 74. 2o2-237, Blit/er, "Employment ^nd 
Humiin C jpittil Fonn<ilion in L Ti^yUir, P. Cl^tfkAndC. Btit^er. edf, Etouifmu WuffMMsanJDfvrhpmrnt 
P/rtmrmjf (O^fordK 

■ Nci^lccto( supply bchAVL\>r ifcnttciicdm frecmjn, R andBrcnfnniin.0,"F<3rcCdMin^^thc Pli.D 
Labor Market- PitfjIU for Poljcy" (National llojrd of Grj<iuatc Education^ 1^74) 

' S(?c M J Boivman. "Education and Manpower Planning Revisited," OECD{DAS^EiD/09 10}. 
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the structure of employment xvithm industries are affected by substitutions due 
to rising wages as well as by exogeneous changes in the technological coefficients. 
The final section turns to the puzzling constancy of relative income differentials 
by level of education in the U.S.^ In the context of the requirements model this 
wage pattern is explicable by changesinindustrial mix that raised the demand for 
high-level bbor by enough to counterbalance ih< increases tn supply of post- 
World War II yearr As the relative demand for the highly educated has begun to 
slacken at the outset of the 1970's. the analysis predicts a narrowing of income 
differentials in the future^ and some preliminary evidence of suoha development 
is also given. 

1. Supply^demand framework for requirements calculations 

K Standard manpower requirements analysis applies the fixed coefficient 

input-output model to the labor market, under the assumption that labor skill 
coefficients within industries are fixed and can thus be estimated by past levels. 
The model directs attention to the role of autonomous changes in industrial mix 
in altering the demand for various types of labor skills. Formally^ if Di ts the 
number of workers in occupation i, Ni^ the number in intlustr)^ j and aij the 
proportion employed in j having skill i in the base periods the model can be 
represented as; 
(1) Di = SajjNj = 5aii<Nj/0j)0j 

where Oj is the output in the jth industry and Ni/Oi total labor requirements. In 
logarithmic change form^ this becomes; 

where dots refer to percentage changes and Yij is the proportion of workers in oc- 
cupation i empk)yed in the jth industry.^ 

In this paper equation ii) is treated as a conditional predictor of shifts in the 
demand for skill i in a three equation model, with demand schedule (in log change 
form): 

(3) Li = Di ■ in% 
and supply schedule 

(4) =: Si + eiM 

where L\ - log-change in number demanded ^ 
^ i ^ average elasticity of demand for ith occupation 
W| = change J n wages ^ 

= log-change in number supplied 
e J = elasticity of supply 

S i r exogenous changes in supply^ due, say, to demographic developments 

\ \ ^ Thifi puttie Lfi stressed by CrilKhcs itw "Notes octthe Kale of Education in Produciion Functionfi 
* jnd Growth Accounting/ in W L^Han^en^ed , EJuiaiifin.lniottttitniiHttjnanCapiiaL National Bureau of 

Economic Research^ 1970. 

^Stnce au = Nj/Nj where N,j ^ number of workers in ith ocaipMioii and )th indufitiy^ when 

we tiike percenlage ch^inges ID^Dt = iai>*lNj ^ 

' D,N, ' I 

It IS imponnnt lonoic thnt whereas the<T|,give the distribution of workm in the fth indusiry omong 
occupations, the yij gives the distribution of tvorki'rs in the ith occupation among jndustm's. 
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For simplicity, the analysis focuses solely on developments in a single occupatio 
though extension to the case where wages change in other occupations^ ind^idit 
supply and demand cross-effectSr is direct. 

The solution of {2)-(4) is a rebtion between the forecasted change in mil 
power requirements (and supply) and employment or wages in the ith occupy 
tion; 

(5) Li = (6i ^^ijNj+TJiSj) / (6i + TJi) 

(6) Wi = (2^i|Nj.. Si)/(ei + TJi) 

Equation is) shows that holding supply fixed (Sj =oX the fixed coefficient mode 
will forecast employment perfectly for any given shift in demand for labor wher 
either the elasticity of demand is zero or the elasticity of supply is infinite. With 
finite non-zero values of both parameters; Dwill exaggerate theeffect of shifts in 
demand on employment due to the neglect of economizing behavior. Given 
outside information about relative elasticities, however, it would be relatively 
simple to correct for this effect. 

Empirical application 

This study applies versions of the augmented requirements model (2)-(4) to 
two types of data: Changed cross-section comparisons of over 200 3-digit oc- 
cupations ja the U.S.; and time series evidence on the relative position of college 
gradijates. Since the changed cross-section data measure the relative positions of 
various occupations in two time pedods^ strong simplifying assumptions are 
needed to apply the model. First, to estimate elasticities from these data, it is 
assumed that all occupations have the same ela<;ticity of demand and that the 
elasticity is unaffected by the industrial structure of employment. Second, in the 
absence of data on which occupations are especially good or poor substitutes for 
other/ the calculations contrast wage changes in each to the average change in the 
entire sample, implicitly assuming that there are no particular interconnections 
among them.^ Thirds since the purpose of this paper is to examine the fixed skill 
structure model the factors that determine industrial output and employment, 
including feedback from wage and related labor market developments, are also ig- 
nored. Industrial ^niployment is taken, as is usual in requirements work, as given 
from other parts of a largereconomicmodel. All of these assumptions are restric- 
tive and, given additional information, should be relaxed. In one sense, they are 
the price that is paid for thebrge number of detailed occupations covered in the 
analysis. 

2. Changes in th?. U.S. skill structure 

The augmented requirements model (2)-(4) is applied in this section to 
changes in occupational employment in the U.S. in the 1950- 1960 decade, using 
data on22d detailed 3-digit occupations from the U.S. Cenf^us of Population. To 
calculate the requirements shift in demand, an industry-occupation matrix was 
estimated from Census data for the base year 1950, using 142 detailed industries. 
Sldll coefficients were computed by dividing occupational employment by total 
employment in each industry. Following equation (i) the coefficients were then 
mi^ltiplied by the number of employees in the industry in 1960 and summed 
across industries to yield a 'manpower requirements' prediction for 1960. The 
logarithmic difference between this figure and actual 1950 employment is the 

* This IS A first-order Approximation which ^j'i impr«v<*d in later work 
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measure of predicted change m employment, a similar computation for 1940 is 
made by 'backwards projection'' with the 1950 industry-occupation matrix^ 
producing a statistic which is used to indicate gradual changes in average skill 
coefficients in years past. This statistic (T* for technical coefficients) will positive- 
ly affect demand in the fifties if the same patterns of change in coefficients con- 
tinue in a positive autoregression manner. 

Changes in the supply of workers to each occupation (SO are estimated by 
applying the 1950 sex and education distribution of workers by occupation to the 
1960 number of workers in the relevant category. Addittonaldata on income* un* 
employment, and related statistics were also obtained and used to estimate 
equations (3)-(6). 

Changes in the occupational structure 

The Overall pattern of change in the occupational and industrial structure of 
the U.S. work force in the decade under study is examined first in Table 8.1^ 
which reocrds the logarithmic changes and standard deviation of changes in 
employment and income. 



Table 8.1 

Logarithmic Changes in Etnploytnetn«nt and Income 
in the U.S., by Detailed Occupation and Industry, 1950-60 



Lo^arilhmic Changes in 
Emptayment Income 
Mean Standard Coefficrent Mean Standard Coeffjcient 
Deviation of Variation Deviation of Variation 

- (1) (2) <3) (4) (5) (6) 

Occupattonat Changes 



Average. 228 

occupatjons .. .09S .412 4.35 .46 .086 .18 
Ten fastest 

growjno 1.250 - - .58 - - 

Ten slowest 

growing -.666 - - .46 - 

intSustrUi Changes 
Ave-'dge, l42 

rndusiries 140 .290 ^07 .52 .082 .16 

Ten fastest 

growing ...... .77 - - .61 

Ten Slowest 

growing -.45 - - .51 - 



Soufce Data calculated from U S C«niti» o1 PoPuiatiOrt i950 
iDOustnal Charactenditc$ PE-N9 10 
Occupaiiooat Cryafactori$iiC$ PE.NO i S 
OccitPaiion toy ((HJuH^v PE-No iC 

y S Censu* Popti^ation i960 
iDdustrtat Ch3fact«r^slfC5 PCr£) - 7f 
Occg(M(to<Tp» CfMfttC(cfi*ii<^ PC<2} - 7A 
OcctipaiK>n by tn<fu»t^ PC(2^ - 7C 
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What stands out in the table is the enormous variation in the change of 
employment. The ratio of the standard deviation of the change in employment to 
its mean value is over 4 in the case of occupations and over 3 for industries. In the 
ten fastest growing occupations^ employment increased by roughly 125 percent 
compared to a decline of 87 percent in the slowest growing; among industries, the 
differentialis similar, +77 percent versus *45 percent. By contrast, the coefficient 
of variation for the change in incomes is relatively modest^ on the order of one- 
fifth, and white income increase^ \khs rapidly in slow-growing than in fast- 
growing occupations or industriesjUhe difference is only about 10-15 percentage 
points. The occupational and industrial structure of the work force is, it is evi- 
dent^ much more variable than the wage structure --a pattern which could be due 
either to: substantial changes in demand for labor along elastic supply schedules; 
on alternatively, substantial shifts in supply along an elastic demand schedule. 
Ensuing empirical work strongly supports the. elastic supply interpretation and 
suggests, in general, that the supply of workers to occupations is relatively elastic 
and stable, while the demand for labor skills is more dynamic or unstable and less 
elastic with respect to wage changes. 



Regression estimates ^ , i > , 

Regression analyses of the reduced form relation ibetween shifts in demand 
for labor skills, estimated by the requirements methodology, and actual changes 
in employment in the 22$ occupations under study are'contained in Tabk $.2. 
Panel A deals with logarithmic changes in employment, with observations 
weighted by the number of workers in thecoccupations in 1950; panel B presents 
results with absolute changes in sharesofempbyment as the dependent variable. 
In addition to the demand (O) and supply shift (S) variables, the difference 
between 1940 actual and predicted employment (T) and the 1950 level of employ- 
ment (Lo) are entered as explanatory variables. Lines 1 and 4 of the table show 
that, by itself, the requirements calculations give a reasonably good explan^^tlon 
of changes in employment, accounting for 44 percent of the log changes an455 
percent of the share changes in employment. The other variables introduced in 
lines2and 4 alsoaffect employment in the expected manner, with T and S raising 
employment and the larger occupations having a modestly srr^aller log growth 
than the smaller occupations. When, moreover, the sample of occupations "is 
reduced to focus on those for which occupational definitions change least 
between the Censuses (line 3) or increased to include agricultural occupations, 
where the industrial-occupation link is virtually one to one (line 6), the ex- 
planatory power of the model is enhanced. Finally/ additional experiments with 
other specifications— involving unemployment, weeks worked, and the like- 
yield similar results As a first approximation the requirements and augmented 
requirements model do a tolerable job in accouting for changes m occupational 
employment. 

Table 83 pursues the analysis of demand a step further with two stage least 
squares regression estimates of the structural demand equation of the model/ us* 
ing the average full-time wage and salary income of men and women as the first 
stage measure of wages. The mean years of schooling in each occupation and the 
inverse unemployment rate are enteredasaddition*il explanatory variables to see 
whether or not, even with inter-industrial f^hifts in demand fixed, there was a bias 
toward more educated occupations in the fifties and whether employers altered 
their demand for skills toward those with excess supply/ wage incentives held 
fixed. 
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Table &2 

Growth of Employmtnt, By Occupation* 



Squatlon 
Number 


Constant 


BBgresSiOn CootUcianis and f-Staf^fics 

* * * 

0 J S 


Lo 








Panel A: Loganthmic Equations 








-054 


1.15 






44 






(110) 










AAA 


too 


.11 .37 


-.01? 


.49 








(3,50) (2.72) 


(1.70) 




3* 


,077 




0.13 0.18 


-.017 


.68 






(7,26) 


(2.55) (0.66) 


(0.94) 








Panel B: Share of Employment Equations 






4 


.077 


0,80 






.55 






(16143) 








5" 


0,1$ 


1.38 


0.05 0.12 




.65 






{14L04) 


(4.29) (5.52) 








0,16 


0.97 


0.00 0.04 ^ 




,78 






(2a2$) 


(3.76) (3.63) 







oQi Ch«ng« Irom 1940 to i9t50. 

Source: B^ic data fn^m U 3 testis ol F^>purat>on i^ 
19501 a;.d I960. &s In Table 8 1, 

Table 8.3 
Structural Demand Equations 



Equation 
Number 


Constant 


W 


* 

0 


T 


YflSa 


1/(UNE)& 




1 


0.12 


-0.64 


0.97 


0.11 


0.02 




.46 




(1.06) * 


(3.00) 


(8.90) 


(3.38) 


(2.19) 






2 


0.04 


-0.61 


0.93 


0.10 


0.03 


-0.26 


.49 




(0^31) 


(2JJ1) 


(8.44) 


(3.09) 


(2.97) 


(1.99) 





Dependent variable is k>g>chaAge in e^i^kiymefii: equa' 
Itcw* wtimatetf ty tvwitag* rea»l aoware* NuflitOf* m 
pareoth«i» a^e t^tat?stic» WJig» are ot>t3ine<f a» a 

sex cojnpo»ition of lt>» occupation as weigltts 
a} Mean yeara of schooifog in occuPat^n 
tj) rnverseot r^te of unemPloym«n1/n <>ccupai(Oft in 1950 
SoufBi* See Tato'e 2 

The princip.il finding of the regressions is that both the requirementG shift 
and wage variables Save their expected effect on changes in employment/ with D 
obtaining an approximately unity coefficient, and Wan elasticity on the order of - 
.6. In addition, the past 'change in technical coefficient' (!') has a significant 
positive effects indicating that despite the peculiarities of the I940-I950 decade* 
occupations that had greater than predicted increases in demand then also ex- 
perienced greater increases in the fifties. Finally, years of schooling obtains a 
positive regression coefficient^revealing a shift in demand toward more educated 
occupations/ all else held fixed/ while the inverse unemployment has a negative 
impact on growth of employment, suggesting some independent effect of theun- 
employed poolt)n demand. 
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The relative importance of shifts in demand and movements along the de- 
mand schedule due to changes in wages in the differential growth of occupational 
employment can also be estimated from the regression results. Multiplying the 
wage and D coefficients by their standard deviations to obtain the relevant B- 
weights yields .03 ^nd .23/ respectively— indicating that requirements shifts are 
more important explanations of differential expansion of demano for laborskilt^^^ 
than movements along a demand curve, though the latter are also at woik. 

In sum/ Tables 5.2 and 3.3 show that skill coefficients are sufficiently stable 
for requirement calculations to provide a good measuring of decadal shifts in the 
demand for disaggregated labor skills. Even so^ however^ there were significant 
nonrandom changes in the coefficients vvithin industries/ to which we turn next. 

Intra*industrial skill changes 

To begin with/ the amount of change in occupationalstructures varies great*- 
ly by industry. Measured by the sum of absolute values of differences between 
the 1950 and 1960 proportion of workers in each occupation (? I ^ajj 1 for all j)/ 
the data reveal substantial change in some industries (transportation services 
(.39) office machinery (.29) and aircraft (.30) and little change in others/ such as 
apparel (.03) or furniture (.07). Analogously/ the direction of change also turns 
out to vary greatly among industries^ with/ for example^ office machinery ex*- 
periencing a sizeable increase in professional employment (from 7.7 percent to 
17.3 percent of the work force) at the expense of craftsmen while craft employ*- 
ment increased in the telegraph industry^ and so forth. Ntore interestingly/ 
despite the complexities of technological developments^ the amount of change in 
skill structures varies in a comprehensible manner. Industries that do a lot of 
R&D work or have made considerable investment in new plant and equipment or 
have been growing rapidly tend to experience the greatest amount of structural 
change. In manufacturing; as the following regression shows, over half of the 
variation in structural change by industry is explicable by differences in R&D per 
dollar of sales and in the ratio of investment to capital: 

CSC = .06 + .03 KK + .12 RD(S R^=.53 

(2.40) (4.71) 

where CSC = change in skill coefficient/ 1950*1960: ? I Aaij I 

1/K - ratio of new investment, 1947-1958 to capital stock, 1947" 

RD(S = ratio of R&D spending to sales, 1957» 

numbers in parentheses are t-statistics 

Addition of the growth sales (S) also contributes to the amount of change in the 
job structure, as would be expected if rapid growth requires changes in produc- 
tion methods. 

CSC = .05 4 ,07 UK ^ .12 RD/S + -05 S ^ .64 

(2.43) (2.44) (2.41) 



" Investment <l.il j Are iJl^en from U S Depjrtment f if Coi amorce Annual Survfu of ManutiKturfn. 
cjpiljl stcck, from hbn'.irj Ect^nomK Ke^ojrch I*ro|ocr, I*>'l7c.>pit(il stt>ck data 

* HkO t(i sjIw dtita tjkon from N<iti(indl Scioiico I'ound.itiOM (NSF t)4-0), with adjustmonts ior 
ilifforenco betwoon NSF .ind Census industry dt- finitions Tho adlustmonts of jllocjtoj expenditures 
toij^dustne^ (m the basis of their ^eJdtlv4^ employment of ^ciehtists .indengineers^ are reported in the 
Census 
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While these data are not avaibbfe for the entire 142 industry sample^ a com- 
parable measure of R&D activity— the 1950 ratio of scientists and engineers to 
total employees in each industry— is highly correlated (r = .60) with the ensuing 
decadal change in skill structures. We conclude that structuralchange within in- 
dustries can be viewed as the outcome of research and scientific- technical work, 
and other economic factors, which makes identiRcation o^ industries with likely 
future changes in skill structures possible. 

The extent of substitution due to rising wages in altering skill structures can 
also be estimated from the industry-occupation matrices. To do this, the change 
in industrial wage is decomposed into r^arts^ due to: changes in the wages of 
occupations employed in the industr>teiSiW,Ji,.vhereSii3thecostshareofoccupa* 
tion i in the industry's wage bill in th^h^se i^uriod); 'autonomous chan^e^'Jn skill 
coeffidents, at previous wage levelsC;iSi&ij).andan interaction term(£SiWidijUf 
each industry takes occupational wageb given and substitutes against those 
with the most rapid increases, the interaction term will be negative. In factr 
between 1950 and 1960, 103 of the 1942 industries had negative interaction 
terms, suggesting a general pattern of substitution against skills whose wages 
rise rapidly. 

Supply of young workers 

The supply side of the occupational labor market is examined next in Table 
8.4r which records the results of regressing changes in the number of 20^29 year 
old men, who were likely to have mide career decisions in the fifties, on: Withe 



Table 8.4 
Changed Supply of 20-29 Year Old 
Men to Occupations, 1950-1960 



Regression Coeffictents and t-Statis1ics« 



Dependent Variable 


Constant 


W 


Lo 


Wo 




Est tech. 




1. Men, 20-29 


-2:36 


1.18 


-.04 


0.30 


ago 


OLS 


.21 






(2.40) 


(2:57) 


(1.66) 


(2.83) 






2. Men. 20-29 


-2:S 


3.69 


-.07 


0.12 


0.80 




.11 






(3.64) 


(3.54) 


(0.72) 


(2.39) 






3. Men 20-29' t Or more 
















years of college 


-6.02 


3.00 


-.06 


0.60 




TSLS 


.10 






(3.14) 


(3.18) 


(4.67) 








4. Men* 20-2a less ihan 2 
















years of high school 


-3.07 


3.65 


-.08 


0.23 




TSLS 


.12 






(3.77) 


(4.69) 


(t54) 









A) An <)$pend^tAnd Jhi^^P^'MJervt variables in k»g«ritttmic 
or fog f^iiierefide t^m 

b> ^ ntCAStir«d by utiinf « w«fgnt«d average of tfie log 
ch*r*3e* in the rtomb*r o* a 20-29 year old* wilh vaJying 
teve'Kt ol «dticat>on. wuh w«*ghft* s«l ty ih« i950 educdtionai 
dr»tr4buttort ol n^en by ocouPaiton 

c) OLS ^ ordinary t^tt $<)uares 
TSLS two *iage Ui^i Vivar 
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changes in income in each occupation; Lo the number of 20-29 year olds in 1950; 
and the base Vear (1949) income Wo. The latter term is designed to capture supply 
responses to post- World War U disequilibriainthewage structure. Regressions! 
and 2, dealing with the entire 20-29 year old group, include a measure of 
autonomous changes' in supply, based on the educational distribution of the oc- 
cupation; regressions 3 and 4 focus more narrowly onmen with selert'^d levels of 
education. The key result bf the calculations Is that changes in wage^ were impor- 
tant in directing young men to various occupations, with anetasticity above unity 
in OLS computations and ranging from 3.5 to 4.0 in TSLS regressions where Wis 
endogenous. The other estimated coe'fficients show only a small effect for the 
bgged .number of persons in the occupation ^nd a moderate response to initial 
wage differentials. Changes in the relative supply of young men to occupations^ 
the ultimate determinants of the long-run supply of workers^this appears %obe 
quite ebstic with respect to wages^ making requirements calculation^^ applicable 
to C'o^s-sectfonal changes of the type under study. 

2. Chjinges in rehtive incomes, 1949-1973 

This section applies the fixed coefficient model of shifts in labor demand to 
the Griliches"puzzle'ofreIatively constant or rising I -fucational income differen- 
tials in the U.S. It shows that the relative income of highly educated workers uas 
maintained in post- World War 11 years by an increase in relative demand due to 
changes in the industrial structure of employment. At the outset of the 197C s, 
demand began to level off while the supply of educated manpower continued to 
" increase^ causing previously stable income ratios to decline. 

Sjihrtes, supply jind demand 

' Table 6.5 presents the basic time series evidence on changes in skill 
differences, relative suppliesr and demand forhightyeducated workers in the U.S. 
Column (l) records the ratio of the income ^f college graduates to high school 
graduates; column (2) gives the ratio of the more volatile starting salaries of 
college men to average wages; columns (3) and (4) show the rebtive supply of old 
and new college graduates; and finalty, columns (5) and (6) ei^e the ratio of a re- 
quirements index of demand for college graduates, obtained by weighting 
employment in 46 industries by i960 proportions of college workers, to the com- 
parable index for high school graduates and all workers. The table shows that the 
rebtive income for all and starting college graduates rose in the 195C"s-early six- 
ties/ despite Increases in rebti ve supply— the puzzle requiring expbnjtion. It also 
shows, however, that relative demands increased (columns 5;»nd 6)and that both 
relative salaries and demands began to level of for decline at the end of the decade/ 
with the ratio of starting salaries to average wages (column 2) falling sharply at 
the outset of the 1970's. 

Taking the supplyof college workers and the requirements demand as given, 
the roleof supply and demand shifts in the educational income differential can be 
evaluated by least squares regressions of the differentia! on the relevant supply 
and demand variables. When the ratio of college to high school graduates income 
is used, the sample is limited to 14 data points; with ratio of starting sabries, 
every year from 1946 to 1975 can be used. Tie results of the regressions, sum- 
marized in Table 8.6^ suggest that shifts inbbor demand due to the changing mjx 
of industrial employment were, as asserted, critical m raising or maintaining the 
college^high school differential in the faceof rising sup| lies. In line 1, the demand 
index has a significant positive effect and the relative supply variable a modest 
negative impact on salaries. In line 1, where the more sensitive starting salary 
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variable is lised ancf the number of observations increased, the results are 
stronger. Even here, however^ the coefficient on the demand shift and supply 
variables are not equal in magnitude^as would be the case in a perfectly specified 
model. This proviso notwithstanding, the puzzling 'pattern of college-high 
school income ratios appears to be resolved by taking account of shifts in demand 
in the augmented requirements model. Analysis of the factors underlying the 
shifts in industrial employment and outputs which range from changes in the 
demographic composition of the popubUon to Federal R&D spending to differen- 
tial income and price elasticities^ lies beyond the scope of this paper. 

G>n elusions 

The findings of this paper can be summarized briefly: (l) fixed coefficient 
manpower requirements calculations are best interpreted as conditional es- 
timates of shifts in labor demand schedules in the context of standard supply* 



Table 8,5 

Retattve tncomes. Supplies and Requirements 
Indices of Deniand> by Level of Education 
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H.S. 
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1950 .... 




.99 




0.75 


.86 


.87 


1952 .... 




1.00 




0.53 


.90 


.86 


1954 .... 




1.10 




0.43 


.91 


.90 


1956 .... 


1.37 


1.14 


.37 


0.44 


.93 


.92 


1958 .... 


1.35 


1.19 


3a 


0.53 


.98 


.97 


1961 .... 


1.39 


1 17 


40 


0.54 


102 


1.02 


1963 .... 


1.33 


1.19 


44 


0.58 


1.05 


1.05 


1965 .. . 


1.41 


i.ia 


.45 


0.67 


1.08 


1.08 


1967 .... 


1.45 


1 24 


46 


0.72 


1.12 


1.13 


1969 .... 


1.45 


1.24 


.47 


0.87 


1.13 


1.14 


1970 .... 


1.45 


1.22 


48 


0.95 


1.15 


1.17 


1971 


1.44 


1.16 


.49 


0.99 


1.17 


1.18 


1972 .... 


1.43 


1.13 


50 


1.00 


1.18 


1 19 


1973 


1 36 
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52 


1.01 


r.i9 


1 21 
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demand analysts. Requirements do a reasonably good job of estimating decadal 
demand shifts for disaggregated occupations and; because the supply of labor is 
relatively elastic^ of employment as well (2) While skill coefficients are sufficient- 
ly stable for the requirements model to work/ there is a discernable pattern of 
ctiange in coefficients among industries. In the 1950-60 decade^ industries that 
did considerable research and developments made substantial investment; or ex- 
panded rapidly had the greatest change in skill coefficients. Ingeneral industries 
also tended to reduce employment of occupations with rising wages, (3) The post- 
war pattern of change in educational income differentials can be explained in 
terms of requirements shifts in demand and changes in the relative supply of 
highly educated workers. As supplies increased rapidlyat the outset of the 1970's 
and relative dr nd for college workers levelled off/ the relative starting salaries 
of graduates began to fall rapidly and the relative income of all college men 
dropped modestly. The implication for the future is that/ unless the number of 
students going to college falls or demand begins to increase at the rapid rates of 
the 1960's, the college-high school premium will fall. 



Table 8.6 
Regression Estimates of the Effect 
of Shifts in Manpower Requirements and Supply on the 
Relative Incon^e of College Graduatess 



Relative 

Demand Relative 
Dependent Vanableb Constant Index Supply R^ 

1, Income, college to high 

school men, 1956-1972c , -2,69 .87 

(.60) 

2, Starting salary, colJege men 

to average houriy earnings, 

1948-1972 -9.35 ,81 

(.08) 



a) NumtKi^ inPV6ni^^»are»tanctdrd errors 01 estimate 
t>> All det^ert^enl vdriabre^ ar« ift logarithmic r Trm 
0) Exciwies i^&J' »9e0doet<>at>sencGordata 

Source SeeT^bieeS 
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9. Scientific Manpower Forecasts From the Viewpoint 
of a Dismal Scientist 



T/if5 chapter is bas^d on ihe oral presentation of Dr. Oian4 on hh paper. The iead discussantswere 
Herman Travis. U.S. Department of Laborf and Lewis C Solmonf National Research Council. 

Walter Y. Oi: 

Visiting Senior Research Economist, Industrial Relations Section 
Princeton University* 

As the title of the paper suggests/ these remarks follow in the tracks of 
Malthus, R]cardo> and Adam Smith. In reviewing the literature^ the whole de- 
mand/ market response to the demand, and other issues were considered in the 
context of an economist viewing a commodity/ that commodity bein^ forecasts. 

Societies have always sought information about the future. Important public 
and private decisions about the allocation of our resources are based on forecasts/ 
and presumably better information about the future can lead to a better albca- 
tion of resources provided that the information is reasonably accurate. If the in- 
formation is not correct at least 70 percent of the time/ the actions that will be 
taken in light of the predictions will tend to destabilize rather than stabilize the 
system under consideration. 

The forecasting industry has indeed been oneof our growth industries over 
the course of the last two or three decades. However/ the products are 
heterogeneous. Tt forecasts are very different in quality. Professor Folk has 
pointed out one common attribute of projections/ predictions/ and conditional 
forecasts/ and that is they are used as forecasts. Despite the label policy-makers 
wilt use them as predictions. 

Scientific manpower forecasts are not only part of the many forecasts 
demanded by the public sector. Why does the public sector demand forecasts? 
There are at least three reasons that help to explain this public demand. First/ 
benefit-cost analyses of capital investment projects with long pay-out periods 
must rely on forecasts to measure the present value of beneifts. Second, evalua- 
tion of a government agency is typically accomplished by compiling massive 
quantities of data. The availability of these data greatly reduce the costs, and 
when the ''price'' of a forecast is lowered/ there is a rise in the quantity of forecasts 
demanded. Third, it has been emphasized by Kenneth Arrow Uhat information is 



York ■ ■ 

vs Niinm^Srkcl AthicalJon." ip Ihe Ant\L^t^ and Littlaatwtt i^t i\blii Exprutiiittrf> Tfit PPB Syiirm. Joint 
Eionomic Commillt^c. Vol I (US C^overnjnciil t*finiing Off ict*. W^shiiigton.D C. W60)pp 47*04 
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a commodUy unlike other commodities in the sense that once produced thecost of 
disseminating the information to another party is virtually zero. Therefore/ once 
produced, information should be widely disseminated. If left to private markets, 
not enough information will be produced. Thus, according to Arrowy it is the role 
of government to provide information about future states of the world. 

When it comes to manpower forecists^ a number of other rationalizations 
have been developed on why we need more and better forecasts. Some of these 
■are: 

1. Forecasts are needed asapart of a manpower planning system tobalance 
supplies and demand. 

2. Forecasts are needed to help us formulate public policy. 

3. Forecasts are needed to provide information to students. 

Implicit in these many reasons for needing scientific manpower forecasts are 
a number of hypotheses which do not appear to have been empirically validated. 
For example, in the absence of publicly supplied manpower forecasts and policies 
the labor markets for trained scientists will be inherently unstable with recurring 
cycles of manpower surpluses and shortages. This is the so-called ''cobweb'' that 
Professor Freeman talks about. 

It appears that the eyidence which Freeman cites is contradicted by the data 
supplied by Professor Folk. It seems that the question of whether or not labor 
markers are inherently unstable has yet to be resolved. Yet instability of labor 
markets is one of the rationalizations for more forecasts. 



Three Kinds of Forecasts 

We are interestedin the information content of three kinds of scientific man- 
power forecasts: (1) the academic requirements for new doctorates, (2) theman- 
power requirements for specific occupations/ and (3) the supplies of college- 
educated workers. 

Academk requiremertis for new doctorates. Professor Allan Cartter^was the first to 
dramatically illustrate the possible numerical magnitudes of the imbalance 
between projected requirements and supplies of new doctorates. More recently 
Balderston and Radner^ have dev(>loped a more complicated model. Some com- 
ments on these models follow, but a morecomplete treatment is given in my for- 
mal paper. 

The model that is implicit in these projections is a form of a fixed coefficient 
model Although Balderston and Radner disaggregate the system in»t3 six set tors* 
of higher education— public versus private^ university/ fonr-year and two-year 
colleges— the essential features of the model are describee by a systt*m of tt\ree 
equations In the first equation, the new doctorate requirements are assumed to 



* C.irtter. A M Sctentifjc Mjnpmvecfor I^70-|<J6S ' ^iUtm (April 0, ]^7\) Val 172. pp IJ2- 
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be some proportion Pof the demand for new faculty with and without degree; 
The second equation says that demand for new faculty arises from two cor 
siderations: {l) repbcement demand for those incumbent faculty members wh 
"retire or withdraw from academia, and (2) the net change, which is determined b 
student-faculty ratios. The third equation states that the number of faculty i 
proportional to the number of students. 

If one solves these equations, a very simple reduced form is obtained whicl 
can be approximated by equation 2,3(b) in the paper. One can then disaggregate 
the forecasts or projections of the academic demand for new doctorates intc 
several components. This disaggregation shows that in all these tnodels the new 
doctorate requirement depends critically upon three parameter?— the marginal 
doctorates/student ratio, projected student enrollment, and student/faculty 
ratio. Hidden in this is the enrichment factor in the proportion cf new doctorates, 

If one asks what information is obtained from these projections, it becomes 
quite clear that the information we obtain is determined by what is assumed 
about the three parameters described above. The reduced form equation shows 
howthe model is driven, and it appears that the so-called sensitivity tests become 
rather trivial txercises. Thus, the information obtained is really what someone 
else has projected about student enrollmeivts together with what is assumed 
about the marginal doctorate/student ratio, 

The BLS projedions of occupational nquirmenh. Projectiotvs of manpower re- 
quirements for specific occupations have been developed by the Bureau of Labor 
Stcitistics for many years. The equations that are used to project industry employ- 
ment cannot b^ interpreted as labor demand equatioivs. They are naive, reduced- 
form equations that totally ignore the fact that observed employment in prior 
years was determined by the market forces of demand and supply. If short-run 
supply is extremely elastic {implying that workers can easily shift from one oc- 
cupation to another), there is little to be gained from projecting manpowerre- 
quirements for that occupation. Why worry about producing a requirement pro- 
jection for an occupatioiv where supplies can adjust to demand requirements very, 
very quickly? The need is to get projections which can be potentially useful for 
public policy. 

The suppl}f of college graduates. The implicit model in all of the supply projections 
of college graduates is simply^, distributed lag function of population. It is claimed 
that the intent of projections is to tell us the implications of trends. However, 
current methodology does not make a serious attempt to ex^Jain temporal fluc- 
tuations in treivds. These trends are changing. Thus the information contained in 
these projections doe^ not appear to be very useful from a policy viewpoints 



Production and EmpleyrncPl of Doctorates 

I will discuss a preliminary theoretical m'^jel describing the production and 
employment of doctorates. The complete irodel is presented in Section Hi of the 
formal paper As Professor Breneman has pointed out, the decision to invest in a 
doctorate degree can be viewed, in part, as an investment in human capital. This 
decision can be bioken into two parts, (1) the supply of applicants for graduate 
stud/; and (2) tho demand for graduate students by umv*>rsities. 

What determines ihe supply of students who are going to seek Ph,D, 
degrees? Previous studies have looked at data on the continuation rate from 
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bachelor to first enrollment in graduate school. If that ratio has remained stable^ 
the assumption was it will remain stable into the future. If it has dropped^ some ad 
hoc expbnation such as the draft is offered. « 

If we view the^upply of doctorate students from the context of an optimizing 
decision model on the part of the students, then there are at least four con* 
siderations which must be mduded in the model: 

1. The earnings differential that can be expected from the investment in a 
doctorate* 

2* Costs— both outlays and opportunity costs. 

3. The probability of success. 

4. The search for a career. 

What is the earnings differential that one can expect from the investment in 
a doctorate? In te'^ms of 1960 dollars^ for both academic and nonacademic doc- 
torates combined^ the difference in earning 'treams between the ages of 26 and 
64 years at different discount rates is rough! / as follows: (a) at zero interest rate 
the Ph.D. will earn approximately $36^000 more than a bachelor's degree; (b) at a 
5 percent interest rote a Ph.D. wtll earn approximately $10^000 more than a 
bachelor^s degree; and (c) at a 10 percent interest rate a Ph.D. will earn ap- 
proximately $4X00 more than a bachelor's degree. 

If one considers the costs of education, two concepts are pertinent* The first 
is called outlay. The student who chooses to pursue a Ph^D. degree has the ex- 
penses of tuition plus room and board. In 1960 these costs were approximately 
$1^700. Currently these costs are approximately $4^200 for a private school and 
$2,400 for a public university. These outlays do not include stipends or tuition 
waivers. They are the out-of-pocket costs of choosing to enter graduate school 
ratKer than to enter the labor market. The second cost is the opporf«!tf;y£os^of in- 
come which one would forego if one enrolled as a graduate student rather than 
earning income as a bachelor. If one combines opportunity cost with outlays^ the 
costs of a Ph.D. degree for a period of four years at 5 percent interest is in the 
order of magnitude of about $43^000 today and was about SZZ^OO in 1960. 

A comparison of costs to earnings for all doctorates shows that the rate of 
return on investment is very low. It isroughlya 3 to 4 percent return. Howevenif 
the individual goes into non-academic employments then the rate of return is in 
the neighborhood of & to percent^a quite profitable investment.^ 

The third consideration is the propability of success. It can be arguedr 
howoveri that the probability of success is not a very important consideration at 
the initial decision point. The student is faced with uncertainty and lack of infor- 
mation *it the tine the initial decision is made. 

Robert Hall^^ Banfield^ and a number of others have pointed out that a 
characteristic of youth is uncertainty. They are seanhmg. They do not know what 
they wjini, and there is virtually no way to get information about a career choice 
in acideEnia other than by trying it. There are two implications that seem perti- 
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nent to the present discussion. Rrst, if the cost of the search is lowered, more 
search vA\\ be dema nded. The numberof searchers and the durationof time spent 
in the search activity will increase. The offer of stipends.' tuition waivers, etc.^ will 
greatly r<>duce the<^ostof search. Thusjf the person wants to gain more informa- 
tion about career choicer it pays toenroll in graduate school. Second, wealthier in- 
dividuals typically demand more leisure, and for them the nonpecuniary at- 
tributes are usually more important than the pecuniary ones. Nonpecuniary at- 
tributes are harder to discover without search. Given the wealth of parents to- 
day, significant numbers of students are enrolling in graduate school to search 
out additional options. There is a value to the search. Further, casual evidence 
suggests that the wealthier the individual, the more likely they are to enter 
graduate school in search of a suitable and desirable career. There areother non- 
pecuniary attributes. The lifestyle of the Ph.D. is very different^ and people do 
se^k u for ^he prestige^ recognition, and other values. 

The National Science Board and others will claim that the doctorate 
represents a high level of training that prepares persons for jo^js that could not 
otherwise be performed. Although this is correct, one must recognize the non" 
pecuniary attributes, of having that degree so the straight equating of monetary 
returns to monetary costs will not yield the whole story on what determines the 
supply of graduate students. 

Professor Ashenfelter* surveyed college seniors^ mainly in northeastern 
colleges, to ascertain their intentionsofattendinggraduate school, and show how 
sensitive these decisions are. If one plots the series of first-time graduate enroll- 
ment, they rise steadily l^tween 1961 and 1966-67. then there is a sharp turn- 
around in professional scK ^s, in the sciences^ and in thehumanities. If one then 
plots Federal fellowship assistance in constant dollars' per graduate student 
enrolled, the peak in this series alsohit^ right around 1966or 1967. There is not a 
clear cause and effect relationship, but ihe rdationshipbetween Federal and State 
funding and the first enrollment rate musi be considered. Funds are fungible^ as 
Breneman and others pointed out earlier at this meeting. If an increase in Federal 
support frees funds to be given for fellowships to humanities majors, then one 
sees a distorted picture. What is needed is the total amountof stipend and tuition 
aid that is being granted. 

Let me (.lose with some implications derived from possible university 
response to changing conditions and some thoughts on how one ought to validate 
the supply and demand projections that NSF/ Professor Cartter. and others have 
made. The trends that have been observed are clearly the results of private and 
public decisions to enter graduate school and pursue a Ph.D. degree. Of those 
who begin, the percentage who complete their degrees varies widely across fieWs. 
and there seems to be some indication that these percentages '^aryover time. One 
in every nine Ph.D, degrees requires at least fifteen years beyond the bachelor to 
complete. Thus atanypointin time there jS a huge in ver*">ry of Ph. D.'s in process 
with all but dissertation completed. 

A trend extrapolation simply tells what i$ likely to happen if the Variables 
which influence the public find private decisions follow the same trends as they 
have been doing over the period which these trends have i:>een tracked (essenhal- 
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ly five years in the NSF model). If foreciists are to be useful, they should provide a 
ba$is for policy decisions. What wilt NSF do, given the forecasts which showthr^t 
at worst one in five doctorates and at best one in twcr.iry wit! be underutilized? 
VWiat actions will be taken? Will they cut research grants to private institutions? 
If^so, how will this affect the market for Ph.D.'s? How does this fit into their ob- 
jectives to provide the nation with an adequate supplyofhighly trained people? 

If the policy-makers are going to utilize projections in formulating a rational 
public policy toward higher education/ they must begin to study the factors which 
generate the trends. To focus on the numbers themselves, on the projections, is 
insufficient. 

Herman Travis 
Deputy Director 

Office of Research and Development 
Manpower Administration 
U.S. Department of Labor 

Usually/ a projection should not be made if it does not rely on assumptions 
that are reasonably probable. This, in effect/ makes it a forecast. Projections es- 
sentially forecast what should be expected understated [.robabte conditions/ but 
they do not ordinaruy include a second order of estimation which attempts to 
show what would happen if users ofthose projections/ believing them/ take some 
other than projected action to profit from or mitigate the consequences of the 
original projection. Thus the distinction between projection and forecast takes on 
some meaning. If a projection is used as a basis for policy decision or individual 
decision, the proiection may well be defeated/ although it might have turned out 
to be accurate had there been no reaction to thje projection. 

In a complex society and in the course of nature, there are unforeseen ^^^nts 
that can change outcomes. Therefore/ one needs stated assumputions to allow 
somQ assessment of the reasons a projection didor did not achieve its outcome. By 
the ^amc token, a range of projections should ordinarily be prepared/ although 
there are problems here too, as we can tell from the progressive widening of Cen- 
!^ui} Bureau |70putaiion projection options which nevertheless failed to bracket 
reality. 

There is no defense for either t^e errors or deficiencies of past projections 
that have been mad^> but an a Jeuqatt c^se has not been made that a more ac- 
curate or more useful kind of projection can be constructed based on market 
models which provivie fori^ome reaction to the conditions and outcomes projected 
by the simpler models. Market models should be tried even though it also seems 
Ukely th<\l, in the light of the wide degree of error prevailing in the basic data, 
neither the added variables required for market and econometric models, nor any 
exiensive refmement ir ihe degree of detail would necessarily improve the ac- 
curacy or the usefulness of the projections^ resulting from such additional 
sophistication in technique. 

There is merit in both what Or, Oie^iysand what he criticizes. There is a need 
for explaining variations between projections and actualities ir terms of 
measurable i.ifluences that affected the outcomes. Rather than using events as 
alibis, we ought to be looking for relationships between events and iheir effects 
onprojocted results. We should attempt to identify casual events whicS affect and 
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are not merely coincidental with outcomes! However immense caution is needed 
when tracking events and assuming there is a cause and effect relationship^ even 
though the investigations should be made. 

There is not really much difference between the econometric model and 
previous forms of projections. If carried out at a level of detail thatts fine enoughs 
the previous forms of projection perform the same function as equilibrium 
models when they introduce qualifiers to charted trends based on changing fac- 
tors in the market. 

We shjuld consider also the problem of gross flows as the perspective within 
which to consider any realistic attempt to improve the accuracy of projected net 
dianges. There are entries into categories^ exits out of categories^ and shifts 
between categories that are several orders of magnitude greater than the net 
changes we are basically interested in. If we rely on models that deal only with net 
balance changes^ we are not only wo/going to red'ice errors^ but there is a great 
danger of coming up with grossly incorrect information. 

Net change is the payoff that we must find when we can, but in addition 1 
would suggest that more attention be paid to the immense flows and out, 

Lewis C Solmon 
Staff Director 

Board on Human Resources 
National Research Council* 

Dr, presented some statements in his paperabout evaluating the accuracy 
of demand or supply projections by looking at employment that actually occurs in 
the year for which the projection was made. This is because observed employ- 
ment is a result of both the demand side and the supply side. Dr. Falk has es- 
timates of 2,3 or 2.7 ^rcent underutilization per yean but this underutilization 
will only be observed if the markets do not work and if prices (wages) do not 
change so that demand equals supply. What we will observe in employment in the 
years between now and 1935 will be the result of theinteraction between demand 
and supply^and this will result in a certain level of employment and a certain wage 
level. 

Rather than point projections which assume no change in variables like 
wages or non*monetary satisfaction^ it might be more useful to project curves 
(demand curves or supply curves) based on different sets ofwage assumptions or 
on different sets of estimates of non-monetary returns to certain kind? of jobs. 
Projections which ignore demand and supply are either assuming a part.zular 
w? ^e structure or are assuming completely inelastic demand or supply curves. 
Stmply ignoring markets, by not mentioning them^ does not mean that one is 
making assumption'^ that markets have no effect. 

in regard to another problemi it seems that with existmg data we should be 
able to estimate the effect of wage levels on careerdecistonsof scientists^ and the 
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effect of wage levels on demand and supply. This is particularly true 'f we believe 
in survey data. There is voluminous data available on surveys in which people 
have b^en asked the importance of various factors in career choice. Even though 
it is not fashionable to admit to selecting a job because of salary^ the analyst can 
get some feeling for the power of wages in )ob determination. For instance, in the 
foUow-ups to the American G>unc]t on Education Freshman Surveys, we could 
look at the employment decisions, and then compare these decisions with the 
responses on the survey regarding important factors in determining career 
choice. There areother studies of this kind, and f think it should be possible to test 
the validity of responses in terms of the state of the markets for various types of 
skillad employers, and hence to understand the relative impact of wages and 
markets on career decisions. 

On another matter, this conference confirms my belief that the Freeman 
school should not be considered an alternative to the so-called extrapolation 
school or the Goldstein school. Insights from the work of those oriented toward 
the markets shcjld be incorporated into the NSF-type projections. It doesn't 
appear to me that the new NSF projections have taken sufficient account of 
markets, despite claims by Dr. Falk and others to the contrary. 

There are other types of studies which can be helpful in refining projections. 
If the data collected by the different professional societies could be coordinated, 
and if societies and social scientists with longitudinal data sets could begin collect^ 
ing comparable data, we might be able to begin to understand why peoples' 
careers develop the way ihey do. We might obtain coefficients frqtn analyses of 
past career patterns rat\er than make the kind of assumptions which are 
necessary in some of ihe current predictions. We can learn from the past, and one 
main reason tor doing history is to improve the next round of projections. 

One cannot neglect the fact that the United States economy does not work in 
a purely market sense. There are so many restrictions, rigidities, controls, 
regulations, etc., that reliance on market rorces ends up with a reliance on a set of 
unrealistic assumptions. In the manpower business, government intervention 
has been very disjointed, more countercyclical than helpful. 

Free markets and continuous curves are just not happening. There are 
tremendous shifts in supply and demand curves, and that is one reason th^ 
markets do not appear to work when theshiftingcurves are ignored. However.it 
is not only v^vrnment that fouls up free markets. Private industry, professional 
societies, univ*ersitieSi and others, all introduce controls and rigidities into the 
system. 

Let me give emphasis :o the National Research Council's survey of doctoral 
sciantists, Djihral 5iimh>hitnA In^tneentn Ihe Untied Shtes* 197 J Profiled as it relates 
underutilization of talent and underemployment. Some summary numbers used 
in Dr FiitkVpresenlation are )ust becoming available from this study. The un- 
employment rate for all doctorate scientists and engineers is roughly 1.2 percent. 
Headdij thjt if dok tonite^whoare workmgm non-science areas are considered to 
be underemployed, then the total figure ftoes to 2.2 percent. 
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Private and social rates of underemployment, however^ can be differen- 
tiated. An individual can be underemployed from his own viewpoint, or he can be 
underemployed from society's point of view. A bank president earning $200,000 
a year is probably not jinderemployed from his own point of view. Yet if it is 
assumed that this person has been trained as a scientist and his education was 
subsidized with the understanding that he would be using his science, then 
perhaps from society's point of view he is underemployed. By utilizing NRCs .un- 
published data together with the set of assumptions that those who are working 
part-time but seeking full-time employment, postdoctorates who took jobs 
because other jobs were not available, and Ph.D.'s teaching in the elementary 
schools are all underemployed^ we can obtain a private underemployment rate in 
1973 of 3.7 percent. Adding the numberof those who from society s point of view 
might be underemployed the underemployment rate jumps to 13.2 percent. By 
some definitions^ then, there is a substantial amount of underemployment. We 
hope that NRCs data wilt throw some light on how future projections will be 
affected by this underutilization of talent. 



General Discussion 

During the discussion which follows the presentations of Dr.Oi/Mr.TraviS/ 
and Dr. Solmon^ comments and concerns were expressed as follows: 

• There are market models which give drastically different forecasts of 
supplies than those being given under extrapolation models. It isn't a 
question of there being only one game in town. For example^ Freeman 
and Breneman report on an econometric model of physics doctorates 
which forecasts drastically different supplies than some of the ex- 
trapolation models. It isn't a question of market people not having a 
workable model. 

• Putting it another way/ it is evident that there are not single parameters 
which control either the demand or supply for doctorates, but rather a 
complicated interaction of many parameters takes place. Professor 
Freeman's market modeldeals primarily with one parameter, wages. Dr. 
Oi and others speak of additional parameters, but the question is: Is it 
possible to disentangle the effects of these parameters so that 
coefficients or weighting factors can be established? Further^ to what 
extent will the various parameters affect supply and demand? 

• Unless an attempt is made to get an estimate of the elasticity of demand 
for doctoral faculty on the part of^ universities^ and to get abetter idea of 
the production function for Fh.D.'s, one is nor in a position to utilize the 
information recieved by simply extrapolating trends. Once the ex- 
trapolation is made/ what action do we take? Too much is being invested 
in projections, and not enough is being invested in understanding hov^ 
markets a*'2 functioning. 

• Basically^ no dne does a simple extrapolation. There are a number of 
parameters to be considered and these parameters are weighted during 
the extrapolation in the pragmatic way and sometimes the ex- 
trapolations are altered radically on the basis of anticipated new events 
or changes in trend, but it is m these steps that simplicity becomes fatal. 
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The trouble with judgmental weighting is that it produces uniform 
judge factors. We cannot tell if we are studying the behavior we are try- 
ing to study. Further, we cannot ptndown the errors inour model, and 
we end up in a situation where there are no improvements. 

• Although some have defended the current projection methodology of 
extrapolating trends, this paper seriously questions the wisdom of con- 
tinuing this line of research which neglects the structure of labor 
markets for scientists. 
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The (onnM paper prepn'^ed by Wfllf^r V. Oi* for ihis session nppetirs helm. 

Scientific Manpower Forecasts from the Viewpoint 
of a Dismal Scientist 



Societies have always sought mfonnatioii about the future^ and in earlier 
times, the lask for foretelling future evtjnls was left to journalists, gypsies^ and 
clergymen. Advances in the physical sciences greatiy mcteased the accuracy 
of forecasts with respect to physical phenomena such as the movements of 
the stars and tidcs^ and the location of oil deposits. More recently, the social 
sciences have achieved modest successes in forecasting the outcomes of elec* 
tions^ patterns of consumer expenditures, etc. Over the course of the last two 
or three decades, the forecasting industry has been one of our growth indus- 
tries. Important public and private decisior s about the allocation of ourscarce 
resources have been based on forecasts. In this paper. I have three objectives. 

Firstp I try to explain the reasons for the growth in the demand for scientific 
manpower forecasts. Seconds the methodology which characterizes the avail- 
able scientific manpower forecasts is critically examined in Part II. Finally- in 
Part III, attention is directed to the maricet for Ph.D.'s. Past and future levels 
of doctorate employment and earnings, as well as the production rate of new 
doaoratesy are jointly determined by the market forces of demand and su^^ply. 
The public funds that have been allocated to higher education in the past and 
that are likely to be in the future/ are clearly important determinants of both 
the demand and supply of doctoral scientists. The extrapolation ofr<>cent trends 
of enrollment rates, of ratios of non^academic doctorates to Rand D spending, 
etc.. presupposes a \;ery rigid structure of demand and supply that is incapable 
of explaining the historical data for the same variables. It is placing the cart 
before the horse. The formulation of rational policies toward higher education 
must begin with an understanding of the labor market fo" highly trained man- 
power, and the extmpolation of trends, however sophisticated^ simply does 
not provide us with the necessary empirical information about the stnictur<> 
and functioning of these hpor iiiaiket:^ 



I— The Public Demand for Scientific Manpower Forecasts 

Uncertainty is an unavoidable, and for many, a highly undesirable reality. 
Individual: and firms allocate part of tlieir resources to protect themselves 
against the* contingent costs of certain risks.' In addition, rhe private sector is 



*The author is ;i Profc^r of Appttcd Economics in the Gr;idu;itc Schoot of Management at 
the University of H<Khc$ter ^nd is currently a Visiting Senior Hese^irch Economist in the Industri^il 
Relations Section at Princeton Univ 'v He i« indebt^ to the Industrial Relations Sixtion for 
supplying him with the excellent libimy ;in<l cleric^il a^si^'tance provided by Mi^s Helen Fairbanks 
and Mrs. Irene Howe 
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prepared to pay for information about future uncertain States of the world. A 
complex structure of institutions has indeed evolved to provide such informa- 
tion. Firms like Value-Line, totally ignoring the random walk hypothesis, pur- 
port to be able to predict the stock ^narket. Corporations hire economists and 
statisticians to forecast sales and market conditions. Although it is less obvious 
and informal, when students and consumers demand the services of psycholo- 
gists^ clergymen, vocational and educational counsek)rs, they arc to some 
extent, demanding information about future uncertain states of the world. 
No census classification exists, but there is clearly a "forecasting" industry 
whose product is forecasts, information about future uncertain states. 

Whatever is demanded by the private sector will almost surely be de- 
manded by the public sector, and forecasts are no exception. Scientific man- 
power forecasts (SMF) constitute only part of the forecasts demanded by the 
public sector. At least three reasons can be offered to explain this public 
demand. First, benefit-cost analyses of public projects with long payout periods 
must rely on forecasts.- Tlte production of highly trained scientific manpower 
surely involves an investment whose payout period extends over the lifetime 
of the trained scientist, but this does not explain why forecasts of the returns 
ought to be made by the government. Second, the evaluation of a government 
agency is typically accomplished by compiling massive quantities of data 
because the performance of an agency is not subjected to the same market 
tests of profitability and survival which apply to the private sector. The avail- 
,.bility of large amounts of data greatly reduces the cost of developing forecasts, 
and when the "price" of a forecast is lowered, more of them will be demanded. 
Third, information differs from other economic goods because the seller of 
information (especially about the future) is unable to appropriate all of the 
returns to hh information. A^ow (1969) has argued that the marginal cost of 
distributing information which has already been produced, is zero, and hence, 
optimality calls for making such information freely available to all. If the pro- 
duction, sale, and distribution of infonnation were left to the free market, the 
inability to appropriate all of the returns might easily result in an equilibrium 
in which "too few" resources were being allocated to the forecasting industry. 
In the light of this argument, it is not surprising to find that the collection 
and di*^tribut]un of many kmds of mformation, jnduding forecasts, have.fallen 
into the domain of the public sector. 

More specific rat]onaHz<itions have been proposed to justify the public 
dc'mand for 5Mr&. Six po&sible ju£>tification£> werc considered and discu&^t-d 
by Freeman and Breneman; these are paraphrased be !ow:^ 

1. Forecasts are needed as a part of a manpower planning sy&tem to 
balance supplies and demands because individual decisions do not 
reflect economic reality. 

2. Forecasts pnn'ide important information to guidance coun- 
selors enabling them to aid students in career planning. 

3. Forecasts can ser\"e as an "eariy waminj; system" directing attention 
* ' the unforeseen consequences of current market responses and dt- 

jlupments. 

4. Forecast!? are needed to advise educators on *he number of slots to be 
offered in college courses and thjs determine the supply of new 
specialists. 
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5. Forecasts are needed to evaluate the potential effect of laige scale 
governmental programs on the market. 

6. Forecasts are a" usefu! device for organizing and analyzing informa- 
tion about market phenomena that are taken as given by individual 
decision makers. 

Freeman and Breneman conclude that in the setting of a free labor market, 
only three of these reasons, [3, 5, and 6 above], are valid ones justifying the 
public demand for SMF's. 

An articulation of these reasons tells us something about the objective 
functions of the public agencies that demand these forecasts. Reasons t and 
4 suggest that private sources will not provide reliabk information about 
future employment opportunities and student demands for college courses.* 
Public agencies must thus assume the responsibility of supplying the requisite 
(and hopefully accurate) information. Reasons 1 and 3 tacitly assume that in 
the absence of publicly supplied manpower forecasts and policies/ labor markets 
for trained scientists will be inherently unstable with recurring cycles of 
manpower shortages and surpluses. Freeman and Breneman reject the thesis 
that imperfect student information could generate these cydesr but later in 
their essay, they strongly support the proposition of inherent market instability. 
Implicit in these reasons is the theme that public agencies must assume the 
responsibility of stabilizing the employment and incomes of scientists via their 
controls over the production and employment of scientists. Finally, reasons 5 
and 6 ai^ e that there is a positive value that can be realized from sound 
economic analyses on the functioning of labor markets, and on this score, I am 
in complete agreement with Freeman and Breneman. ^ 

Whatever the reason, we have observed a substantial growth in the demand 
for scientific manpower forecasts. The prior availability of data which lowers 
the price of a forecast is surely responsible fbr part of this increased demand. 
If the Bureau of the Census and the Dept. of Labor had not already compiled 
detailed statistics on employment by industry and occupation, it is unlikely 
that a public agency like NSF would have demanded more projections of man- 
power requirements for specific occupation^. What is less clear to an external 
observer like myself, is, "How does the agency and its policymakers utilize the 
information conveyed by these manpower forecasts?" 

II— The Market Response .to the Public Demand 

An individual or firm that demands a new good or service can either pur- 
chase it from an outside supplier or produce it himself thereby becoming a 
vertically Integrated firm. In the case of SMFs, the public agency buyers have 
done both. The Bureau of Labor Statistics (BIS) initially began by employing 
its own staff ot analysts who produced the first BIS manpower projections. 
Later BLS collaborated with NSF thus becoming both a supplier as well as a 
demander of SMFs. Other agencies like NSF, various national commissions 
and task torces have typically turned to what I have called the forecasting 
industry which, in these instances, usually consisted of non-profit research 
organizations and academic consultants. None of the principal investigators 
who produced these manpower forecasts in response to the public demands^ 
possessed the audaci^, chutzpah, or reliance on a competitive market fbr their 
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services thai was apparently exhibited by Prof. Niblo.* 

"Six (professional clairvoyants) advertised in the San Francisco 
Chronicle, the day before the 1906 earthquake, and of these, the boldest 
was a Prof. Niblo whose academic affiliation was not givenr His 
generous one dollar offer concluded with: 

'411A Ellis Street, permanently located at his own home' 
In the issue of the Chronicle for May 24^ 1906, the first available 
afterthe earthquake, he v/as the only member of his craft to advertise: 

'Prof. Niblo, clairvoyant Jhas warned the public of San Francisco 

for years of the earthquake of 1906. Permanent^ located at 1220 

Broadway'." ' 

The forecasts that have been produced are quite heterogeneous, but they do 
share one common attribute that has been p«reptively described by Hugh Folk 
as follows: 

"Despite attempts to shield forecasts from criticism by labelling 
them 'projections', Uiey are used as forecasts, therefore must be treated 

as such Policy-makers must be continually cautioned on the aj^pro- 

priate use of theso numbers, but one might as well put a baded pistol 
in tiie hands of a child and caution him that it is not a toy. as place a 
conditional projection in-the h^ds of a decision-maker and warn him 
that it is not a forecast. Toys' are what children play with, and they 
play with what they have. 'Forecasts' are what policy-makers use to 
foretell the future, and they use anything that comes to hand." 

[Folk (1970) p. 240] 

Many manpo\/er forecasts^ have been produced in the last thirty years, and 
these have presumably influerKed public policy and individual ecisions. 
The usefulness of these forecasts as guides to policy-makers has been ques-* 
tioned by among others. Folk (1970), Ahamad and Blaug (1973), and Freeman 
and Breneman(1973). There is a substantial literature which critically discusses 
the methodology and accuracy of previous manpower forecasts. 1 shall not try 
to summarize that literature but propose instead to direct attenti^on to two 
related issues: 

1. What information do these forecasts convey to policy-makers and other 
users? 

2. How do policy-makers and other users utilize this information in their 
decision processes? 

In this Part of the paper, 1 try to determine the information content of three 
kinds of forecasts: (1) the academic requirements for new doctorates, (2) the 
manpower requirements for specific occupations, and (3) the supplies of col- 
lege-educated workers. 

2.1 The Academic Requirements for New Doctorates 

The employment outlook in higher education for the decade of the 1980's 
is bleak. Anyone who had thought about the implications of the historical 
data on U.S. birth rates would have realized that the population of college- 
age youths will decline sharply in thel980's.^ It seems, however, that the gravity 
of the problem was not fully appreciated, by. policy-makers until Allan Cartter 
dramatically illustrated the possible numerical magnitudes of the imbalances 
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between projected requirements and supplies. More recently, Balderston and 
Radner (1971) developed a slightly more complicated model which Wolfle and 
Kidd (1971) described as "a test of the sensitivity of Cartter's projections to 
some of the underlying assumptions/'^ The Balderston-Radner (BR) model is, 
however/ simply an exercise in simulation which translates alternative data 
inputs into numerical descriptions of the time path of a dependent variable 
(new doctorate requirements in academia). It is not a test in the scientific sense 
of that term. The BR projections convey littie additional information to the 
policy- maker other than what he could have inferred for hiMself from the 
underlying projections of college student enrollments. This conclusion be- 
comes apparent when one writes out the reduced-form equation implied by 
the BR model. 

BR begin by disaggregating higher education into six sectors according 
to control (public vs. private) and typeM institution (university, four, and 
two year colleges). The model specifies a system of four structural equations 
for each sector which can be solved for a reduced-form equation in which the 
requirement for new doctorates in year t by schools in the j-th sector, D|(t) is 
a function of five exogenous variables! Pj = the proportion of new faculty 
appointments with doctorate degrees, Rj ^ the student/faculty ratio, k| = the 
fraction of all students enrolling in the j-th sector, S(t) -= projected student 
enrollment in all six sectors, and a <= 1-S ~ the continuation rate of incumbent 
faculty members (i.e. the fraction of last year's faculty who do not retire or 
withdraw).^ 

a„ D,,„ .[M]s(,) - .[-^|;^]s(.-i) 

By summing over the six sectors, the academic requirements for new doctorates 
in all six sectors of higher education, D(t), is described by a first-order dif- 
ference equation. 

(2.2a) D(t) = W(t)S(t) - aV(t-l)S(t'l), ^ [t = 0,1,2,.. .20] 

where t = 0 corresponds to the starting point of the projections, 1970. The 
parameter W(t) can be interpreted as the marginal doctorate/student ratio for 
the entire academic sector, while V(t'l) is akin to a LesPeyres index being 
equal to the marginal doctorate/student ratio in the preceding year multiplied 
by the assumed increment in the doctorate share of new hires. More precisely^ 

,2.2b) W„)4[Ii|Ml] 

(2.2c) V3(t-1) = ^ [^JW(t-l) 

Finally, a = 1-6 is the survival rate of incumbent faculty which is assumed 
^0 be equal to .98 over the entire projection period. The parameters (Pj, Rj, k|) 
were initially equated to their observed values in 1967/ while the time path of 
aggregate student enrollment/ S(t) was taken from two earlier projections, one 
by Cartter and the other by G. Haggstrom. BR then invoked judgemental as- 
sumptions about the time paths of the parameters to generate six different 
projections of new doctorate requirements. 
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We can get a simpler picture of ttie information content of the BR pro* 
jections by adopting ttie following notation: 

W{t) = W{t-1) + dW = W + dW, S(t) = S(t-1) + dS = S + dS 
V(t-l)=[l + {-y-)]W 

Upon substitution into (2.2a)/ we get/ 

(2.3a) D(t) = (W+dW) (S+dS) - <r[l+{-^)]WS , 

Recalling that a = 1-6 and ignoring the second^order term in dWdS, the aca- 
demic requirements for new doctorates in year t can be written/ 

(2.3b) D(t) = W{t-l)S(t.i) [S + {— ) - (-^) + S(-^)]. 

where we make use of the identity/ W = P/R so that/ 
dW dp dR 



(2.3c) 



W P R 



Thus, in the BR model, the academic requirements/ D{t), can be decomposed 
into a scale parameter, VVS = W(t-l)S(t-l)/ times the brackett^ terra describing 
the relative time rates of change in student enrollment/ (dS/S)/ student/faculty 
ratio (dR/R)/ and the doctorate share of new appointments (dP/P). 

In their "no change" projections/ BR assumed that the doctorate share of 
new appointments Pj and student/faculty ratios Rj would remain unchanged 
at fheir 1967 values. Using their judgements {presumably supported by a perusal 
of some time series data)/ they assumed that the public four and two year 
colleges would increase their total shares of total student enrollments over the 
projection period/ 1970'90. The parameter values for all :.l;c sectors applicable 
to the "no change" projections can be found in Table 9.2*1 by looking at the 
entries for 1970. 



Tdbte9.2-1 
Assumed Parameter Values ^r the 
Balderston-Radner Mode) 



University Four Year College Two Year College 

Public Private Public Private Public Private 



k = allocative share of students 

1. hj=k|(70) ... .242 .082 255 .163 .239 .020 

2. ff -.0017 -.0015 .0012 -.0011 .0031 0 

3. k( (90) 208 .052 .279 .141 .301 j019 

R ~ $tu den I/faculty ratio 

4. Rj=R](70) ... 16.64 . 11.26 17.86 14.54 21 64 17.72 " 

5. Gl 132 .063 .143 .077 .132 .236 

6. Rj(90) 14.00 10.00 15j00 13.00 19.00 13.00 

P - doctorate share of new appointments 

7. Pp"Pj(70) .543 .543 ^89 .389 .059 j059 

8. Hp 01765 .01785 i)1805 .01805 .01205 J012O5 

9. Pi (90) 900 .900 ,750 .750 .300 .300 
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In the "no change" projeclions, ihe marginal doclorate/student ralio for 
public universilies is Xx = P,/Ri = .0326 meaning astudenl to new dociotate 
ratio of l(Xj = 30.6; ihe corresponding parameters for Iwo year public colleges 
were X5 = and 1/Xj = 367 sludenls per doctorale hired. This ralio for 
all six sectors, W(l), declines linearly over Ihe projection period because by 
assumplion, ihe two public seclors lhal are assumed lo increase Iheir shared 
of aggregate studenl enroUmenl had marginal doctorale/sludenl ralios below 
Ihe mean ratio. However, ihe secular fall in W(l) is slighl, and for all inlents, 
Ihe projected requirements in Ihe "no change" case can be expressed as follows: 

(2.4) D(t) = W0S(l-l)[5-J'(^)] 

where = .0225 Is Ihe marginal doclorate^sludenl ralio in 1970. It is evidenl 
from (2.4) thai the sign of D(l) is enlirely delermined by projected sludenl 
enrollments S(l) which is exogenous in the BR model, tf projeded enrollment 
declines by more than the assumed allrilion rate of 5 = .02, Ihe new doclorate 
requirement D(l) will be negaltve irrespeclive of the value assigned lo W**. A 
larger value for W** [which could have been oblained by assuming eilher a 
hi^er docloraie share of new hires P or a lower student/faculty ralio R] simply 
magnifies ihe lemporal fluctuations in D(t) and expands the accumulaled sum 
of new doctorale demands. The BR "no change" projedion reveals a negalive 
requirement, D(t) < 0, in 1984 when Ihe projeded sludenl enroUmenl f^ls by 
more than 2 percent. 

For each projection of sludenl enrollments, BR generated two addilional 
projections which they labeled "inlermediate" and ''adequate finance". The 
aulhors arbilrarily assumed lhal the student/facully ratios R^ would fall, and 
the doctorate shares of new appoinlmenls Pj would climb according lo linear 
trend equations which are shown below. The numerical equalions on Ihe right 
pertain to Ihe firsl sector, public universilies: ihe parameters for ij^e remain- 
ing ^eclors are given in Table 9.2-1." 

(2.5a) Pj(t) - P, -J-Hjl P:(l) = .543 .017851. 

(2.5b) Rj(t) ^ Rj - Gjl R,(l) = 16.64 - .1321 

(2.5c) k)(l) = kj ± fjl ki(t) = .242 - ,0017t. 

where I = 0,1,. ..,20. BR arbitrarily assume thai over the Iwenly year period, 
1970-90, Ihe sludent lo faculty ralio R (which is a proxy for class size) will 
decline from 16.64 lo 15.00 for public universities and lhat Ihe proportion of 
new appotntmenls wilh doclorale degrees, Pj, will cltmb from 54.3 percenl lo 
90 percenl. The Iwp reinforce ooe anolher so lhal the marginal doctoral e/studenl 
ralio W(l) rises at an increasing rale. For public umversiltes, Ihe ratio climbs 
from .0326 lo .0643, and for' Iwo year public colleges, from .0027 lo .0158. In 
the "adequale finance" projections/ an exact functional form for W(0 involves 
a ralio of iwo polynomials in \, and ihis non-linearily sugg^sls lhat in this 
case, ihere may be a need for Ihe simulaltons. However, equation (2.3b) gives 
us nearly all of Ihe informalion conveyed by Ihe "adequale finance" projedionK. 

The relative rate of change in projeded sludenl enrollment, (dS/S), is exo* 
genous in the BR model and comes from^ anolher sludy lhat presumably was 
available to ihe policy-maker. One could inserl his own assumption aboul the 
relative change in ihe sludent/facully raliOy (dR/R). The driving force in ihe 
"adequate finance" projedions is the time palh of the marginal doctorale; 
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student ratio W(t) which determines the size of the scale parameter, WS = 
W(t-l)S<t'-l), in (2.3b). By Using the approximation of (2.3c) based on the 
identity, W = P/Rr [which ignores the aggregation of the six sectors], a policy- 
maker can substitute his own judgments about the doctorate share of new 
appointments P and the student/faculty ratio; the requisite calculations could 
be d^ne on the back of an envelope. 

AH excerpt from the BR simulations of the academic requirements for new 
doctorates is presented in Table 2.2A. A decomposition of^the projected re* 
quiiements for selected years, using the approximation of (2.3b), is shown in 
Table 2.2B. It will be noticed that in this decomposition for the ''adequate 
finance" projections, the growth in the scale parameter, WS, dominates the 
projection. Baldersion and Radner pointed out that their projections for D(t) 
were "more sensitive" to assumptions about P than they were to assumptions 
about R. Their conclusion should have been obvious from (2.3c) which divides 
the growth in the marginal doctorate/student ratio W between changes in P 
and R. Reference to Table 9.2-1 reveals that in their simulations for the "ade* 
quate finance" case, the assumed values for the doctorate shares of new appoint- 



Tabte 2-2A 

The Batderston-Radner Projecttonft of New Doctorate Requirements* 



Poputation New Doctorate fiequiremef^t 



18*21 Student No Adequate 
Year years Encollmeni FacuMy Change Finanoe 



1^0 14540 6303 374.6 7.16 8.82 

1071 14870 6755 403.6 11.90 14.69 

1975 16307 8197 5C^0.4 iai2 15.32 

1980 16790 9537 599.8 6.95 13.90 

1985 14992 9228 597.2 -2.73 -2.21 

1990 14351 8674 579.5 5.29 15.33 



Notes: Thd population figures (in thousands) is a four year moving sum of the 18 year;otd ago 
class and are thus, unadjusted for death and tmmigration.Studdntenrotiment.S(l) was taken from 
BR (^B7^). Table 3-t. Faculty figures were computed by multiplying the weighted mean 
faculty/student ratio. 1/fl. times S(t). The pro;ecte<j annual requirements for new doctorates were 
taken from BR (1971). Tabte 3-3. 



Table 9. 2-28 

Decompositton of the "Adequate Finance" Projections 



Component 


t971 


1980 


1985 


1990 






.02 


.oa 


.02 




0717 


.0228 


.-.0301 


.0151 


3. Student/Faculty ratio dR/R .... 


*.O053 


-.0071 


-.0061 


-.0065 


4. Doctorate Share. 8{dP/P) 


0008 


.0007 


.0006 


.0004 




0978 


.0506 


-.0034 


.0420 




, 1417 


302.1 


361.0 


3765 




13.9 


15.3 


-1.2 


15.8 
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ments Pj neariy double over the projection period, while student/faculty ratios 
Ri fall by only around 15 percent. 

A systematic critique of the Balderston-Radner model (and those like it) 
is deferred to Part in. Several remarks can, however, be made at this point: 

1. An examination of the reduced-form equation (2.2a) reveab that the 
projected academic requirement in year t, D(i), is determined by three data 
inputs: (a) the projected student enrollment S{t), (b) the marginal doctorate/ 
student ratio W(t) which in turn depends on the assumptions about the doc- 
torate share of new appointments P and the student/faculty ratio R, ancf^c) the 
attrition rate of incumbent faculty, S = l-a. 

2. The projected student enrollment, S(t), in all sectors is exogenous and 
ts assumed to be unaffected by the assumed demands for new faculty. The BR 
model implicitly assumes that future levels of student enrollment in higher 
education will be invariant to the way, in which students ^re distributed to 
the six sectors or to the quality of higher education as measured by student/ 
faculty ratios or the proportion of college faculties who hold doctorate degrees. *^ 
Further, optimistic or pessimistic projections of the demands for new doctora* 
presumably have no effect on graduate stuctent enrollments. 

3. A variation of 1 percentage point in the assumed attrition rate of S = 2 
percent, changes the projected requirement for new doctorates by roughly 3,000. 
The NSF model, [NSF 71-20] derived the attrition rate 5 from the incumbent 
faculty; the deviations from the assumed constant rate of S = .02 were small 
over the 1970-90 period. 

4. Although the disaggregation into six sectors unduly complicates the 
arithmetic of the BR model,^^ the reduced-form equation reveals that the 
variables driving the projected requirements are (a) projected student enroll- 
ments, S(t) which BR take as given, and (b) the marginal doctorate/student 
ratio, W(t) which is judgmentally determined. 

5. The so-called sensitivi*y of the BR projections to the underlying 
assumptions could have been easily calculated by using the approximation 
to the reduced-form equation given by (2.3b). The policy-maker could have 
substituted his own assumptions about the marginal doctorate/student ratio 
W, the rate of change in student enrollments (dftS), and the change in student/ 
faculty ratios (dR/R). 

6. The BR model is essentially a variant of the "fixed coefficients" ap- 
proach to manpower forecasting, and all of the criticisms that have been lodged 
against ^hat methodology are equally applicable here. 

7. Finally and most serious, no attempt is made in the study to place the 
projected academic requirements for new doctorates into an equilibrium model 
for the higher education sector as a whole. The "adequate finance'' projections 
presuppose that funds from somewhere, will become available to finance lower 
dass sizes and larger fractions of Ph.D.'s on college faculties. If these funds 
are raised through higher tuition, is the student enrollment projection plaus- 
ibie? What is the magnitude of the "adequate finance'' needed to attain the 
assumed time tracks for and R,? What are the implications of nearly doubling" 
the fraction of new appointments with doctorate degrees with respect to 
salaries of doctorate and non-doctorate faculty members and with respect to 
the conformance of higher eduration to the affirmative action policies of 
H.E.W.? None of these issues is addressed, in the BR ctiidy, and the study 
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must, in my opinion, regarded as an exercise in the simulation of a wholly 
hypothetical world. 

2.2 BLS Rcojections of Occupational Requirements 

Projections of manpower requirements for specific occupations have been 
developed by the Bureau of Labor Statistics Cor many years. These projections 
are intended to represent estimates of future "demands" or requirements for 
particular occupations without regard to the availability of supplies to meet 
those "demands". When these projected requirements are juxtaposed to supply 
projections/ they are supposed to indicate possible future imbalances in speci- 
fic labor markets. Since at least one other paper at this Conference deals with 
these projections/ the discussion here is limited to a brief review of the BLS 
methodology. 

The methodology essentially involves three steps. First, projections of 
employmerit by industry ti,, are developed for the projection year. Second, 
projections of occupational ratios, rij, fthe proportion of total employment in 
industry i that falls into occupation jj are generated for the projection year. 
Third, the two projections are multiplied and summed over industries to arrive 
at the manpower requirement for the j-th occupation in the projection year 

(2.6) E,,= SE|, r„. 
i 

The BLS methods and their underlying assumptions for estimating t\, and rij 
are more fully discussed in Appendix A to this paper. The lack oi adequate time 
series data on employment by detailed occupations largely dominates the BLS 
methodology. If s^ch data were available, one could avoid the two step pro- 
cedure of projecting both and hi-** 

What can we learn from these BLS projections? The equations that are 
used to pioject industry employment cannot, by any stretch of the imagination, 
be interpreted as isbor demand equations. They are naive reduced-form equa- 
tions that totally ignore the fact that observed employment in prior years was 
jointly determine by the intersection of market demand and supply functions. 
When this fact is acknowledged, industry employment projections cannot be 
interpreted as manpower requirements or "demands"; they represent BLS esti- 
mates of what they think will be the equilibrium industry employments in the 
projection year. 

That occupational ratios are likely to vary over time, is acknowledged m 
the following excerpt: 

"The relative importance of particular occupations changes over time, 
however, in response to technical advancement and changes in the scale 
of production/ produ.ct mix, and organization of industries among other 
factors." [blS Bulletin 1606, Vol. IV, p. 9] 

Of the reasons enumerated here/ the substitution of factors in response to 
changing factor prices is conspicuous by its absence unless it is included in 
the "other factors". Hollister {1966)/ Folk (1970), and others have roundly criti- 
cized the BLS for neglecting the substitutability oi factors in production. But 
despite these criticisms, the BLS has never attempted to rationalize their pro- 
jections of occupational ratios by developing companion projections of occupa- 
tional wage differentials. In passing/ the opportunities for factor substitutions 
through product substitutions have received little attention in the critical 
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literature. Everj if every production function involved fixed technical coeffi' 
cients* a rise in khe price of a factor will lead to a decrease in the demand 
for that factor because consumers will reduce their demands for products using 
this factor. A defender of the BLS methodology might contend that there is, 
in principle, some structure of occupational wage rates and product prices 
such that the projected occupational ratios (and industry employments) would 
have been optimal* cost-minimizing combinations. This is surely correct* but 
what are these shadow wage rates and product prices? 

Several researchers have assessed the accuracy of the BLS projections by 
retrospectively comparing the projected requirement to the realized employ- 
ment in each occupation for the projection year. Two conclusions can be drawn 
from these retrospective comparisons. First, the magnitudes of the relative foie- 
cast errors are quite large, e^ecially for detailed occupational specialties. When 
detailed occupations are aggregated into larger groups* [the upper limit being 
all occupations or economy-wide employment], the size of the forecast errors 
typica41y gets smaller and can sometimes be traced to discrepancies between 
assumed and actual values for some' of the exogenous variables such as real 
GNP, the size of the Armed Forces, etc. Second, if the relative forecast errors 
are decomposed into errors in industry employment projections vs. errors in 
occupational ratios, the latter accounts forthe largest partdf the forecast errors." 
In the light of these findings, I agree with earlier writers that the BLS projections 
of occupational requirements do ija/ provide policy-makers and other users with 
accurate predictions of future labor demands when judged by conventional 
criteria for good statistical predictions.* 

The impossibility of the BLS methodology is articulated in the conclud- 
ing remarks by Gannicott and Blaug (1973): 

"It is not enough to assume, as seems to be implied by the latest works 
from the BLS, that forecasting errors will be reduced if only thje data and 
statistics can be refined. What is needed is what the BLS has not carried 
out in the ten years we have reviewed/a fundamental assessment of the 
relevance and objectives of. the manpower requirements approach it- 
self." [p. 76] . 

The BLS methodology still does not adequately cop)o with the obvious facts 
that the occupational employment patterns which were observed in the past 
and which are likely to prevail in the future are jointly determined by the 
market forces of demand and supply. If the fihort-run supply for a specific 
occupation is extremely elastic, [meaning workers can easily shift from this 
occupation to another and vice versa], there is little to be gained by projecting 
the manpower requirements^for that occupation. Until the BLS methodology 
embraces a theoretically sound model of labor markets, their projections only 
convey to us, informatiorf about the extrapolation of trends in occupational 
employment patterns based on the guesstimates of the BLS analysts. 

2*3 The Supply of College Graduates 

The basic methodology for projecting the future supply of college graduates 
[or for that matter, supplies of persons with various levels of educational attain- 
ment] has apparently changed little in spite of the criticisms voiced by Alice 
Rtvlin (1961) over a decade ago. The methodology can be described in a nut- 
shell as follows: the projected supply in year t is obtained as the product of the 
Census projection for an age^specific population (say 18 or 22 yeai^olds) times 
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a trend projection for the appropriate continuation rate (or rates). Since nearly 
alt of the children who will be entering the higher education sector during the 
next eighteen years are already bom, the Census projections of the pertinent 
age*specific populations will be extremely accurate. The issues thus come down 
to an evaluation of the methods that have been used to devise the appropriate 
continuation lates and to project them into the future.^ 

Various aspects of the current supply projection methodology could be 
critically analyzed, but in this paper, I shall limit the discussion to three topics: 
(a) extrapolations via weighted trend lines, (b) compounding of several linear 
trendSf and (c) the economic determinants of continuation rates. 

(a) Exfrapolafioits via weighfed Ireud lines: This technique which has been em- 
ployed in the NSF supply projections can best be analyzed with the aid of an 
illustrative example. The projected supply of high school graduates in year p, 
is usually obtained by multiplying the Census projection of an age-specific 
age dass Xp, (usually 17 year-olds, but sometimes a moving average of 17 and 
18 year-olds) and the projected proportion Hp of the future age dass that is 
predicted to complete high school, 

(2.7a) % = XpHp. 

As I argued eariier, Xp is likely to be q[uite accurate so that attention can be 
directed to the method used to project Hp. It is typically assumed that H| will 
follow a trends and in the NSF model, a linear trend. 

(2.7b) H( = a + /3T| + ei 

where T| is the trend variable, and ei is a random error term. If {a,fi) denote the 
estimates for the parameters of (2.7b), then Hp = a + and the projected 
supply of high school graduates ^pis seen to be a non-linear trend extrapolation 
of the specific age-class Xp. 

(2.7c) Yp = XA = «Xp + ^XpTp. 

The novel feature of the NSF procedure lies in the estimation of (a.fi). Ordi- 
nary least squares which attaches equal weight to all observations yields one 
set of parameter estimates (oo, fi<i- The NSF procedure contends/ however/ that 
the most recent observations should be given more weight. More precisely, the 
estimation is based on data only for the last ten years with double weights 
given to observations for the most recent five years. The parameter estimates 
(qc„ Pi) in the NSF procedure describe a weighted trend line estimated by 
generalized least squares, GLS. No attempt is made to provide either a statis- 
tical or theoretical justification for ignoring sample data from the preceding 
decade or for attaching double weights to the most recent five years of ex- 
perience. One could, as wj^ll, have assigned triple weights to the most recent 
three years, double weights for the next ^ ^e years/ and unit weights for four 
years of observations of H|; let me call this last setofparameterestimates(a2,^2)* 

The historical data on high school graduates as a percentage of the 17 year- 
old a^e class Hi, are presentee* in Table 9*2-3 for the ^^eriod 1948-67. The data for 
the last ten years, 1958-67. were used to estimate me parameters of a linear 
trend line. (2.7b)/ assuming equal weights/ double weights for 1963-67, triple 
weights for 1965-67 and double weights for 1962-64. The results are shown 
below: 

(2.8a) Y| = ao + ^Jt = 62.33 + L541T|. [equal weights, OLS] 



202 

198 



Table 9. 2<3 

Continuation Rat«« tfom High School Graduation 
to Bachetor's Degrta ^ 



Year of 






Year of 






HS Grftd. 






B degree 


(1*<IJ 




1948 


54j0 


47.67 


1952 


58.52 


15.1 


m9 


56.5i 


45.19) 


1953 


.•4.97 


14,01 


1S50 


59jO 


42.-71 


1954 


57.16 


14.4 


1951 


58.8i 


43.60; 


1955 


61.41 


15.7i 


,1952 


56.6 


44.49 


1956 


58^8 


15.2 


1953 


59,31 


46.73i 


1957 


60.14 


l6L7i 


1954 


60j0 


48^7 


1958 


58^ 


17.2 


1955 


6a4 


49.45 


1959 


57.65 


17.2 


1966 


6^3 


50.53 


1960 


55.23 


17.4 


1957 


63.0 


49.90 


1961 


55.68 


17^ 


Id^ 


tiA ft 








1 9M 


1969 


63^ 


49.93 


1963 


55.07 


17.4 


1960 


65.1 


* 49.52 


1964 


54.02 


17.4 


1961 


71.3 


51.67 


1965 


5^92 


19^ 


1962 


69.5 - 


53.54 


1966 


53.47 


19.9 


1963 


7a5 


53.66 


1967 


56l85 




1964 


76.3 


53.49 


1968 


54.43 


2^2 


1965 


75.6 


54.10 


1969 


53.3B 


21.8 


1966 


74.9 


51.57 


1970 


60.03 


23.2 


1967 


76.5 


53.69 


1971 


60.99 


25.1 




64.99 


49.585 




56.651 


18.32 - 


S.D 


7.11 


3.536 




2.696 


ao8 



Symbofs: , 

^ H - percentage of the 17 year age class graduating from high schoc^. 

€ = percentage of the high school graduating class who enroll for the first time in college, 
l-r = the Survival rate defined as bachelors fn year t expressed as a percentage of first tfme 
enrollments in year t^. 
0 - the percentage of the 17 vear age class t^ years earlier who earn a bachelor^ degree. 



(2.8b) t| = &i + ^|T, = 62.57 + 1.507T, [double weights, GLS] 

(2.8c) t, = &j + j&J, = 62.67 + 1.475T, [triple weights, GLS] 

The three fitted trend lines were used to predict the percentage'of the 17*year 
age class that would complete high schoot tn 1967-71. The results are tabulated 
below where the first line gives the actual observed percentage Hi. 



Predicted Values of Percentage of High School Graduates 





1967 


1968 


1969 


1970 


1971 


Actual/ H 


76.5 


76.7 


76.0 


75.7 


75.9 


Projected, 












(2.8a) equal weights 


77.73 


79.27 


80.81 


82.25 


83.89 


(2.8b) double weights 


77.64 


79.15 


80.66 


82.16 


83.67 


(2.8c) triple weights 


77.43 


78.90 


80.38 


81.86 


83.33 
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The relative forecast error, (ftp/H,) is less than 1.6 percent in 1967 and is smaller 
for the weighled regressions (2.8b) and (2.8c). AH of ihe trend lines overesti- 
mate H so that by 1971, there is neaiiy a 10 percent discrepancy. 

1 cannot logically explain the reasons for the NSF procedure. It seems to 
assume that the parameters (a,p) of the linear trend equation (2.7b) are not 
stable over Hme. By attaching more weight to the most recent observations, 
the resulting weighted parameter estimates will presumably give us a better 
linear approximation to an unknown non-linear trend relationship. If the NSF 
procedure was intended to capture non^linear trend relationships, the estima-* 
tion of a weighted linear trend line will unavoidably lead to btased projec- 
tions.^^ Finally, there is «o reason to suppose that the variance of the error 
teim ei should be smaller for the more recent observations. In short, the NSF 
method for projecting future values of Up or any other continuation rate [by 
extrapolating a weighted rtear trend Itne] has no logical foundation. 

(b) Compottnding of Several Trend Lines: The methodology for projecting the 
supply of college graduates differs from that for high school graduates in three 
respects. First, the projected supply of high school graduates^ Yp^ is often as- 
sumed to be in exogenous data input. Second, a projection must be developed 
for the percentage of each high school graduating class who will enroll for the 
first time in college^ 6p. Third, one must estimate the fraction of each freshman 
class who will complete the four years of college and earn a bachelor's degree^ 
c, ^ l-off, where a, is the attrition rate in college. If we let Zp denote the pro- 
jected supply of bachelor degrees in year P, we have^^' 

(2.9a) Zp = c^ 6^ Y^. 

where Cjm is the completion rate applicable to the cohat entering in year p-4. 
Again time series data are used to estimate the parameters of two trend equa- 
tions. 

(2.9b) et " a + bT, + Uj. 
(2.9c) c, = A + BTi + V,. 

where Uf and V| are random error teims. The parameters of these trend lines can 
again be estimated by using the historical series for 6| and C| = l-a|. 

If the high school completion rate H, the first-time enrollment rate e, and 
the college completion rate c=l-a^ are multiplied together^ we can compute 
the percentage of each age class that completes college; this is denoted by /J,. 

(2.10) /9t^ Hie,(l-ai). 

These completion and continuation rates for the period, 1948*^67, are presented 
in Table 9.2-3» A few descriptive remarks about these data may be in order. The 
fraction of each 17 year-old age class completing high school climbed from 
54.0 percent in 1948 to 76.7 percent in 1968; since then, H| has declined slightly. 
The first-time enrollment rate e, also exhibited a positive trend rising from 47.7 
to 64.0 percent. The percentage of each freshman class who earned bachelor 
degrees, l^ai^ folbwed a fiat U-shaped curve being slightly higher in the early 
and late years of this twenty year periods 1948-67. Finally, 15.1 percent of all 
youths who were 17 in 1948 ultimately went on to earn a bachelor^s degree^ and 
this figure rose to 25.1 percent for those reaching 17 in 1967; see the series for 
p^ in Table 9.2-3. 

The cirrcnt methodology fits separate trend lines to each completion and 
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condtiuation rate. The final iupply projection for college graduates Zp is, how- 
ever, simply a compounding of these trend lines. Thus, when the three trend 
lines from (27b), (2.9b) and (2.9c) are substituted into (2.10), we get, 

)3t = (aWi) (a+bTt) (A+BTt) = i/*o + + + ^Jt^ 

where ^ - oaA, = [aaB + abA + 0aA]t etc. Thus, when the projected supply 
of high school graduates Yp is endogenous^ [as it is in the NSF model], the pro- 
jected supply of college graduates Zp is linked to the population of 17 year-olds 
four years earlier^ via a cubic trend equation. There is no a priori reason to 
suppose that fitting three separate trend lines and multiplying them together 
improves the predictive accuracy 7f a forecast. Indeed, one might do even better 
by directly fitting a polynomial trend equation to the historical data for Ar and 
project bachelor supplies from the site of the 17 year age class as folfows: 

Zp ^ j&p^Xp^, )^ = ^0 + ^iTp + ^sTp^ + . . . 

A drawback to this latter approach is that the analyst cannot intuitively intei^ 
pret the ^ parameters, but he can use his judgment about the plausibility of 
the parameters of separate trend lines. From the viewpoint of predictive accui^ 
acy, one cannot )udge in advance^ which is the preferred approach. 

The methodobgy for projecting the supplies of advanced degrees^ (masters 
and doctorates) is qualitatively similar. In some instances, the supplies of 
bachelor degrees in specific fields are taken to be exogenous. Some forecasts 
assume fixed time lags between the baccalaureate and doctorate degrees; I shall 
comment on this lag in Part III below. The data in Table 9.2-4 show the n- mber 
of degrees awarded and the implicit completion rates which assume fixed two 
and five year lags between bachefor and either master or doctorate degrees.^ 
The proportions of each college grafiuating class who continued on to . earn 
masters and doctorate degrees have climbed dramatically. For the classes grad- 
uating in the 1960's, nearly 30 percent went on to earn masters degrees and 
around 6 percent received doctorate degrees. The naive extrapolations of these 
trends accounts for earlier projections of 55 to 80 thousand doctorate degrees 
supplied in 1980. The NSF method which attaches more weight to the most 
recent data must, by its very nature, generate volatile supply projections; i.e. 
the forecast of the doctorate supply in 1960 that was developed in 1969, [before 
the recent levelling off of first-year graduate enrollments] will be very different 
from the projected 1980 supply utilizing the historical data through 1973. 

To sum up, a model that projects supplies at all levels of educational attain- 
ment, [high school/ baccalaurate, masters, etc.] can almost always be reduced 
to a ti^nd projection of some multiplicative combination of trend lines times the 
Census projection for the size of age specific populations. Further, the existing 
models [like NSF 71-20]utilize simple linear trend equations. By appealing to 
logistic or logarithmic functional forms, I suspect that one could get far better 
fits to the historical time series. 

(c) TJie Economic Deicrminanis of Compkiion and Coniimiafion Rates: My prin- 
cipal criticism of the current methodology is that no serious attempts are made 
to explain the temporal fluctuations in the historical data on completion and 
continuation rates. The strong upward trend in the percen tage of each age class 
completing high school must surely be due. in part, to the declining oppor- 
tunity costs of attending high school as more and more of the U.S. population 
is residing in urban areas, the growth in real family incomes, and the secular 
rise in teen-age unemployment rates. If we could establish stable empirical 
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Table 9. 2-4 
Bachelor and Advanced Degrees Awarded 
by All InsUtuttona, 194e-71 







NO. Of UeQrpQS 






Continuation Rates^ 




Bachelor 


faster 


Doctorate 








Year 


Bt 


Mt 


Dt 


Mt/Bt-2 


Ot/Bt.s 


Ot/Bt^ 


1946 .. 


272311 


42449 


3989 








1949 


36669S 


60763 


5050 








t950 


433734 


$6219 


6420 


0.214 






l95l 


384352 


65132 


7338 


0.176 










coco? 




0 147 

V. Iff 














V. 199 


0.0305 












n 171 

U.I / 1 


0.0245 


0.0252 


1 ■ * 






OO'nl 




O.O204 


0.024 


■ * 


ol l»o 








0.0232 


0.0232 












0.0264 


0J0257 


i958 


365748 


65614 


6942 


0.211 


0.0293 


0J0289 


1959 


365151 


69584 - 


9360 


0.204 


0.0320 


0.0317 


1960 


394869- 


74497 


9829 


0.204 


0.0342 


0.0331 


1961 


401784 


78269 


10575 


0.203 


0.0340 


0.0338 


1962 


HI/ 0*tU 








0.0341 


Oj0343 


1963 


460592 


91418 


12822 


0.228 






1964 


498654 


101050 


14490 


0.242 


0.0376 


0.0379 


1965 


538930 


112195 


16467 


0.249 


0.0417 


0.0418 


1966 .. 


551040 


140655 


18237 


0.282 


0.0454 


0.0450 


1967 


594662 


157892 


20621 


0.293 


0.0494 


0.0487 


1968 .. 


666710 


176749 


23069 


0.321 


0.0512 


0.0507 


1969 


769663 


194414 


26189 


0.327 


0.0525 


0.0528 


1970 


827234 


^208291 


29866 


0.312 


0.0554 


0.0564 


1971 


877676 


230509 


32107 


0.a99 


0.0583 


0.0527 


Sum ... 








5.0680 


0.71 HO 


0.68400 


Mean .. 








0.2304 


0.0376ii 


0.03600 


S.D. ... 








0.0534 


0.01146 


0.01145 



' The base tor ihe last column is defined as: 
Bt-s = (1/3) (Bm + + Bt-el 



relationships between Ht and these variables, it would provide us with a far 
sounder basis for projecting into the future. The first-tim'j enrollment rate 
as freshmen €x, depends on, among other things, the cost of a college education, 
the impact of military conscription, and again, family incomes. Although the 
temporal variations in the college completion rate, C| = l-a|, are smaller, they 
are still substantial. My observations suggest that the completion rate, is 
systematically related to the size and control of the institution being higher in 
smaller and private institutions. Further, to the extent that college education 
represents an investment in human capital, the earnings differential between 
college and high school graduates should affect both €i and l-oct. 
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The naive extrapolations of trends in these rates will yield accurate fore- 
casts of future supplies if and only if the causal variables which generated the 
historical time paths for these continuation rates just happen to be correlated 
with the same continuation rates in the future as they were in the past. Such a 
fortuitious outcome is highly improbable. Instead of devoting more research 
funds and resources into coUecting more reliable and current data to develop 
better trend equations/ it is my considered opinion that far more^can be learned 
by developing sound economic models to identify the causal variables which 
are responsible for the temporal variations in the pertinent completion and 
continuation rates. 



in — On the Production and Employment of Doctorates 

The public sector at both Federal and state levels has deariy assumed the 
responsibility for promoting the growth of higher education. Increasingly larger 
shares of general tax revenues have been appropriated^! oijinance the expansion 
of both public and private colleges and universities. T)^e allocation of these 
public funds has been uneven, understandably favoring public institutions and 
to a lesser extent, graduate as opposed to undergraduate study .^^ Further/ the 
NSF and NDEA fellowship and traineeship programs were expressly intended 
to expand the supply of one Icind of highly trained manpower^ namely science 
doctorates. Expanded support for state universities and the research grants to 
academia from public agencies and foundations also contributed to the financial 
aid that was needed to subsidize a growing population of graduate students. As 
WoMe and Kidd {1971)j>ointed out, our decentralized highereducation system 
responded admirably by nearly tripling the annual production of doctorates 
between 1961 and 1972. The predictions in the late 1950's of a severe shortage of 
doctorates never came topass/ but predictions and fears, like bad pennies, keep 
turning up/ and the latest vintages foretell of a glut in the market for Ph.D.'s. 
According to Balderston and Radnen if public poltdes do not provide the 
"adequate finance" that is needed to finance an enrichment in the doctorate 
shares of faculties and reductions in student/faculty ratios, the nation may have to 
suffer the consequences of a "hole" in thefloivto academia of neiv doctorates in 
the mid 1980's. Cartter{1971) and others generally agree that we need not ivorry 
about unemployed Ph.D.'s, but the danger is what might be called "under- 
employment". Indeed, Carttervoices the fear that new doctorates in the 1980's 
will be forced to accept employment in positions well below what they had 
aspired to as Ph.D. candidates. On this point, I agree with Gannicolt andBlaug 
(1973) who wrotey "... that the concept of an appropriate \ob for a given level of 
education is meaningless." [p. 76]. OtherS/ however^ disagree with this view. 
One thing iSy however, dear; more public resources are being devoted to refine 
the projections of doctorate supplies and requirements even though it is unclear 
how policy-makers, students^ university administrators, etc. utilize the 
information conveyed by these projections. 

To place the problem in perspectivey I first review the NSF projections 
of doctorate supplies and requirements in 1980. The NSF projections and others 
like them are mainly extrapolations of recent trends, modified occasionally by 
judgments about certain parameters which describe the links between inputs 
of doctorate faculty (or R and D scientists) and the outputs of student enroll* 
ments (or R and D outlays). They do not come to grips with the factors that 
determine the prior observed equilibria of Ph.D. "labor markets or that are 
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likety to determine equilibrium rates of production and employment in the 
future. In my admittedly non-comptehensive review of the literature, I have 
come across only three studies^ [Breneman (1970A)/ and (1970B)/ Freeman and 
Bteneman 0973)] that seriously view the Ph.D. labor market from this latter 
perspective. In sections 3,2 and 3.3, 1 sketch the outlines of a model describing 
the production and einp'oyment of doctorates.^* In developing this crude 
modely it became apparent to me that many facets of the Ph.D. labor market 
have not been analyzed in any systematic fashion. Finallyy it is hoped that 
the model may help us in evaluating the plausibility of the current project 
tions for a glut in the Ph.D. labor market. 

3.1 The Projected 1980 Surplus of Doctorates 

■"^^ Several recent articles and studies have apparently reached a concensus 
that the Ph.D. labor market in the 1980's will be characterized by substantial 
excess supplies of Ph.D. scientists seeking appropriate jobs^^^ In order to illus- 
trate the magnitude of the projected surplusesy I have selected the most recent 
published doctorate supply and utilization projections developed by the Na- 
tional Science Foundation [NSF 71 -20].^* Although the NSF study identified 
five broad fields, 1 have combined the physical sciences, life sciences, engineer- 
ing, and mathematics into one category which I call the '"'hard sciences''. 

I shall noty at this pointy criticize the NSF methodology but direct atten- 
tion to the numerical results of the NSF projections for 1980 which are shown 
in Table 9.3-1. Line 1 presents the utilization [employment which is also equal 
to the 1969 stock supply] of doctorate scientists as of Jan. 1, 1969. The high 



Table 9, 3-1 

Supply and Utilization of Science and Engineering Doctorates 
(actual, Jan. 1969 and projected 1980) 







Hard ' 


'> Social 


Item 


Total 


Sciences* 


Sciences 


1. Actual 1969 Utilization 


isao 


123.0 


35.0 




94.3 


6d.d 


25.5 




63.7 


54.2 


9J 


2. High Projected 1930 Utilization 


297.4 


226.9 


70.5 




les.i 


116.6 


48.5 




132.3 


110.3 


22.0 




2697 


203.7 


66.0 




163.5 


115.1 


48.4 


3.b N on -academic 


1062 


88.8 


17.8 


4. Supply Projections 










335.6 


24a3 


87.3 




314.8 


2315 


81.3 


5. Maximum Surplus 










65.9 


44.6 


21.3 




(19.6) 


(18.0) 


(24.4) 


j6. Minimum Surplus 










17.4 


8.6 


10.8 




(5.5) 


(a.8) 


(13.^ 



Source: NSF 71-20. p. 6 and P- 24. 
' The hard sciences include physical sciences, hie sciences, mathematics, and engineering 
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and low projections of 1980 utilization, shown in lines 2 and 3, invoke different 
assumptions about Federal R and D spending, faculty/student ratios, etc. The 
high and low projected 19$0 supplies (lines 4-a and 4-b) ^ere derived by taking 
the initial 1969 supply, adding the projected production of new doctorates, 
and deducting losses due to death, retirement, and emigration. An estimate 
of the maximum surplus is obtained as the difference between the high supply 
and low utilization projections; this is shown on line 5. Similarly, the dif* 
ference between the low suppty and high utilization give us the minimum 
surplus shown on line 6. 

For all sciences combined, the projected 198Q surplus of doctorates, [the 
excess of projected supply over demand] varies between 55.? and 17.4thousand. 
If these surpluses are expressed as percentages of their corresjponding pro- 
jected supplies, [indicate^ by the figures in parentheses on lines 5 and 6 of 
Table 9.3-1], they are 19.6 and 5.5 percent. The NSF projections thus Imply that 
at worst, one in every five Ph.D. scientists will be unable to find suitable 
employment in 1980 that "requires" the training and skills of a Ph.D. The 
optimistic picture implies that one in every twenty will be "under*em ployed". 
The employment outlook is considerably bleaker for the social scientists ac- 
cording to these forecasts. 

The historical data on the actual number of doctorate degrees conferred 
in the academic years ending in 1961*72, as well as the NSF projections of 
doctorate production rates through 1980, are presented in Table 9.3-2. Firsty it 
will be noticed that there are some discrepancies between actual and projected 
Jflp.ws in 1970-72. The NRC doctorate record file indicated a drop of -2.2 per- 
cent in the output of Ph.D's in the hard sciences,' while NSF projected a modest 
growth of +3.4 percent. Since the actual data for 1970-72 were not available 
at the time that the NSF projections were made, the discrepancies represent 
forecast errors. Second, it will be noted that the growth rate of haijl science 
Ph.D.'^ in the period 1970-75 is considerably below the projected growth rate 
of social science Ph.D.'s. This outcome follows from the NSF methodology of 
linking doctorate production in year t to first-year graduate enrollments some 
five to eight years earlier. The data for the period 1967-69 exhibited sharp 
declines in first enrollments in chemistry and physics, while no such break 
in the trend was observed in the soft sciences.^^ Since the NSF pro}ection 
methods place more weight on the most recent experience, (without really 
trying to explain that experience), we get the results reported in Tables 9.3-2 
and 9.3-1, namely a much larger increase in the projected supply of social scien- 
tists accompanied by a larger estimate for the 1980 surplus. Finally/ selected 
data on doctorate production rat^ by field are shown in Table 9.3-3 mainly ta 
show the wide variance in growth rates across fields. 

3.2 Inveshnent in a Doctorate Degree 

In order to explain previous historical trends and to gain insights into 
possible future developments, we need a market model for that part of our 
higher education system which produces Ph.D.'s. A convenient point of de- 
parture is an analysis of the^individual student's dec:<;ion on.whether or not 
he should enroll for graduate study. In his excellent paper, Breneman (1970A) 
initially considered the possibility that the quest for a Ph.D. might involve 
elements of both consumption and investment. However, given the sizeable 
costs and a commitment to a particular field, the decision to seek a doctorate 
should, in Breneman's view, be analyzed as an investment in human capital. 
In the context of a human capital model, the student's decision should depend 
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T«bl« 3*2 
Doctors D«gmt Conferml by Flelct 
(actual 1961-72» pro|ectecl 1970*80) 



Year 


AM Fields 


Hard Science 


Social Science 


Non -Science 


No. 


ch&nOe 


No. 


chdri^e 


No. 


chdriQe 


No. 


chen^e 




















1961 


ia4ii 




5.047 


~~ 


1,829 


— 


3,535 




1962 


11.507 


10.5 


5.675 


12.4 


1.944 


6.3 


3888 


lao 


1963 


12.720 


10^ 


6.345 


11.8 


^ 2.082 


7.1 


4.293 


^0A 


1964 


14.324 


12.6 


7,142 


12.6 


2.329 


11.9 


4853 


lao 


196$ 


16^ 


13.8 


8,290 


16.1 


2.411 


a5 


5,601 


15.4 


1966 


17J9te5 


9.6 


8,946 


7.9 


2,700 


12.3 


6,211 


ia9 


1967 


20.295 


13.6 


10.003 


11.8 


ai87 


17.7 


"7,105 


144 


1968 


22.834 


12.5 


11.126 


11.2 


3,579 


12.3 


8*129 


144 


1969 


25,734 


12.7 


ia3l4 


10.7 . 


4.051 


13.2 


9,369 


1&3 


1970 


29^ 


14.4 


13,603 


10.5 


4.700 


16.0 


11,133 


18.8 


1971 


31,772 


7.9 


14276 


4.9 


5,316 


13.1 


12,100 


9.4 


1972 


33,001 


3.9 


13,966 


-2.2 


5574 


4.9 


13.461 


105 


Projected (NSF)* 
















1970 


28.4 


8.4 


12.82 


5.3 


4.06 


10,9 


11^ 


11.0 


1971 


31.4 


10.6 


13.82 


7.9 


453 


11.6 


13.09 


13.4 


1972 


33.7 


7.3 


1429 


a4 


494 


9l1 


14.49 


10.7 


1973 


35.9 


6.5 


1473 


3.1 


5.25 


6.3 


15.90 


9.7 


1974 


38.4 


7*0 


15.74 


6.9 


5.65 


7.6 


16.94 


6,5 


1975 


39.1 


1.8 


15.90 


1.0 


6.05 


7.1 


17.12 


1.1 


1976 


4a4 


3.3 


16.32 


2.6 


6.46 


6.8 


17.56 


2.6 


1977 


41.4 


2.5 


16.61 


1.8 


6.86 


6.2 


17j86 


1.7 


1978 


42.6 


2.9 


1697 


2.2 


7.26 


5,8 


18.42 


3.1 


1979 


43.9 


3.1 


17.33 


2.1 


7.67 


5.6 


18.87 


2.4 


1930 


45.2 


3*0 


17,77 


2.5 


8.06 


5.1 


19.42 


2^ 



Source: Actual degrees conferred taken Irom National Research Council, Doctorate Record 
File. PfOjecttons are ffOm NSF 71-20, Table B-1, p. 26. 

* TheNSF projections werebased on OfficeofEducatlondataoneameddoctoratedegrees.and 
not on ttie NRC estimates shown in theupper panel of this table. The twosertes(NRC andOfliceof 
Education) are, however, quite simifar. 



on the expected costs and returns from his investment in a doctorate degree. 
However, to the extent that the working conditions for a doctorate recipient 
differ from those in alternative employments^ [in terms of the prestige, recog- 
nition, hoursy places of work, etcjy the "returns" cannot be mechanically 
equated to estimates of monetary earnings differentials. There are also compell- 
ing reasons to suspect that for many, graduate study may be part of the search 
for a career as well as elements of consumption — the sheer joy of learning. A 
correct calculation of the rate of return to the investment in a doctorate must 
somehow allocate the costs [of foregone income, tuttiony incremental living 
expenses, etc.] to these joint products of human capital, consumption, and 
search. Breneman cogently argues that a key variable in this investment deci-* 
sion is the student's subjective estimate for his probability of success meaning 
the successful attainment of the Ph.D. degree. If one also believes that the 
prestige of a doctorate degree is an important element of the "retums^y and if 
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T^lft 9. 3-3 

Doctorate Degrwt ConformI for Selected Fleldt 



Qrowthrate* 

Field 1961 1966 1970 1971 1972 1961-72 



Physics 597 1.049 1,657 1,740 1,635 9^9 

Chemistry 1,1bO *^80 2,223 2,204 2.011 5.21 

Engineering 940 2.283 3,432 3495 3,475 12^2 

Mathematics 332 766 1,218 1,236 1,281 13:06 

Health Fields 101 175 300 349 318 10.99 

Zoology 265 395 519 572 551 6.88 

Psychology 820 1,133 1,883 2,116 2,262 9^6 

Anthropology 60 109 225 258 276 14.96 

Economics 413 622 971 951 930 8.17 

Soctology 167 256 506 583 634 12.96 

Geography 50" 65 137 158 177 12.18 



Source: National Reseacch Council, Doctorate Record File. 

* Figures, rep resent the annual compound growth rate between 1961 and 1972. 



an acadenriic post provides more prestige, then the chances of securing an aca- 
demic position will be another important variable,^ In this section/ I try to 
combine these considerations into a model of the supply of applicants to 
graduate schools. The juxtapo^tion of this supply function and the Univtir^ 
sjties' demand for graduate students determines the equilibrium flow of first- 
year graduate students. The supply of Ph.D.'s is then linked to these first- 
year equilibrium enrollments via a theory of attritions from doctoral programs. 

A. The Monetary Bantings Differetttiah A standard procedure in measuring the 
returns to education is to calculate the present value of earnings differentials 
over the working life." Let Ybi and Yot respectively denote the wage earnings 
of bachelors and doctorates t years after completing the bachelor degree. If 
the successful completion of a Ph.D. deg;^e entails k years of full-time graduate 
study/ the present value of the earnings differential which accrues to the doc- 
torate is given by, 

(3.1) E = 2a + r)-MYDt- 
t=k 

where r Is the discount rate at which future income streams are discounted, 
and the individual is assumed to retire T years beyond his AB degree. Given 
the age-earnings profiles, (Ydi^YbO, it is apparent that E will be larger, the 
lower is the discount rate r, or the shorter is the period of full-time study k. 

Estimates of the age*eamings profiles of all doctorates/ non^academic doc- 
torates, and male college graduates (bachelor degree holders) for 1960 are pre- 
sented in the top panel of Table 9.3-4.^** If I assume that all workers retire at age 
65/ the undiscounted lifetime earnings are given by the sums shown in panel 
1. [This also assumes that the Ph.D. earns nothing during his period of grad- 
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Table 9. 3-4 

Annual Eamlngt of Badielors and Doctoratet, 1959'*60* 



Hem 

t Annual Earnings at Age: 

22 

26 

30 

35 

40 

45 

50 

55 

60 

64 

Sum 22-64 

2. Present Value of Earnings V. 

2.a at 5 perceni 

2. b at 10 percent 

3. Annual Equivalent Income V. 

la at 5 percent 

3. b at 10 percent — t 

4. Differential In Present Value of Eamingsb 

4. a at 5 percent * — 

4b at 10 percent 



All Non-academfc 
Bachelors Doctorates Doctorates 



3.032 


0 


0 


5.224 


6-197 


7.588 




7.614 


9.290 


6.863 


9.235 


11.220 


10.318 


11.240 


13.634 


11.199 


11^492:* 


13.061 


10.534 


12.519 


14.701 


11.626 


12.755 


15^ 


11t465 


12:942^ 


16.735^ 


11.181 


13.183* 


17.984^ 


407.155 


426.421 


522.926 


146.914 


143,967 


174.759 


74.693 


64,909 


78,634 


6,083 


9.794 


11.869 


^905 


6.655 


10.727 




-4.947 . 


25,846 




-9.784 


3.941 



* Source: The bachelor figures are the 1959 incomes ofWhite males with I6years of education 
from the 0,1 percent sample. Thedoctorate figures are the geometric means of six cohorts in 1960 
taken from: "Careers ^fPh.D.'s. Academic vsL Non-academic", A Second Report on followMjp of 
doctorate cohorts, 1935-1960. (National Academy of.ScienceSk Publication 1577. Washington, 
ac. 1968). see especially Tables 5 and 7, pp. 26 and 31. . 

a. Calculated by extrapolating the annualcompoundgrowth rate between ages 50 andSStoages 
60 and 64. 

b. Calculated from lines 2.a and 2.b, 



uate study, ages 22-25.] The present values of earnings [where bachelors have 
a longer wort ng life of 43 years vs. 39 for doctomtcsj at interest rates of 5 and 
10 percent are shown on lines 2-a and 2-b.'** 

The earnings of all doctorates exceed the earnings of bachelors/ but the 
difference in accumulated lifetime earnings (at a zero interest rate) is small' 
+ 19.3 thousand dollars m 1960. At a 10 percent interest rate, this difference 
in the present values of lifetime earnings becomes negative/ -9.8 thousand/ 
due to the loss of income during the assumed four years of graduate school. 
If, however, doctorate salaries are measured by the earnings of non-academic 
doctorates, ihe differences become sizeable/ 115.8 thousand at a zero interest 
rate and 13.9 thousand at 10 percent. 

The differences shown on lines 4-a and4'b of Table 9.3-4 are not the same 
as the differential in monetary earnings E [defined in (3.1) above] that accrues 
to the Ph.D. holder. To get E, we must add to the differences in Table 9.3-4/ 
the present values of the incomes of bachelors over the first four years eval- 
uated at interest rates of 0, 5/ and 10 percent; these were 16,-3/ 15.0/ afrd 14.0 
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thousand in 1960. Usmg bolh the all doctorate «nd ncnacademic. doclorate 
income profiles for You I calculaled the folbwing earnings differential to Ihc 
Ph.D. degree: 



Earnings Differential E for Aliemalive Inlerest Rates* 





r=.-0 


r=.05 


- r=.10 


AJl doctorates 


35,577 


10,093 


4,1 7S 


Nonacadetnic doctorates 


132,082 


40,885 


17,S98 


'derived .from Table 9.3-4 using 


equation (3.1) 







These figures indicate the rough ord^ of magnitude of the monetary returns 
to the Ph.D. degree. The earning? data, (Y^t^Yut) were geometric or arithmetic 
mean eamingf that mask the wide variations of incomes across fields, indi* 
viduals, and types of employment. An able engineer with a BS deg.Tee might 
easily earn more over his lifetime than a Ph.D. in agronomy. Further, these 
calculations were based on the earnings differentials (by education and age) 
that were observed at one point in time, 1960. The measured monetary return 
E for any given interest rate r [e.g. E = 10,093 for r = ,05] will understate the 
realized differential in monetary returns E* if all money incomes rise over time 
due to inflation and economic growth. More precisely, if {Yw^YbJ describe the 
cross*sectional age-earnings profiles, and we want to calculate the present value 
of the monetary returns to a Ph.D. at an interest rate of r = .05, the appropriate 
formula is given by, 

T — 
(3.r) E* = 2 (l+r*r* (Ym"Y|,t), where r* = 

In this equation, gis the annual compound growth late of money incomes due 
to inflation and secular growth in ]al:>or productivity. Over the period, 1959- 
73, the Endicott series on the starting salaries of college graduates in business 
exhibited an annual compound growth rate of g = 4.75 percent per year, and it 
id probable that this will continue into the future.^^ Some writers ]i|^e Banfield 
(1970) have asserted that youths attach a high discount rate to future 'income 
streams. If sO, the use of adjusted interest rates r* of 5 and 10 percent give us* 
the right measure for the earnings differential E* that correspond to personal 
time preference rates r of 10 and 15 percent.'* 

The question of whether salary differentials have widened or narrowed is 
of considerable importance in an analysis of the Ph.D. ]al:>or market. The start-* 
ing salaries of Ph.D.'s who received their degrees in 1950, 1955, and 1960 [as 
well as an interpolated value for 1963] can be obtained from the NRC Survey.'^ 
The NSF Roster of Doctoral Scientists also gives us estimates of the median 
annual salaries of ali Ph.D.'s of all ages. The NSF medians are considerably 
higher than starting Ph.D. salaries due to the older age of the NSF sample. 
These Ph.D. earnings data are shown in the first four lines of Table 9.3-5. The 
starting monthly salaries for business placements of college graduates, [the 
Endicott series] were converted to annual salaries and appear in line 3 of Table 
9.3*5. The ratios of bachelor to doctorate salaries for selected dates are pre* 
sented in lines 4 and 5. Over the period 1955-63, all doctorates earned nearly 
50 percent more than bachelors {line 4-a). Line 5 suggests that the relative 
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Table 9. 3-S 

Comparison of Annual Earnings ot Doctorates and Bachelortf 1950-73 



1^50 1956 1960 1963 1966 1966 t970 1973 



1. NRCCt^rtData 

1-flAIIDoctorate$ 4,975 6^0S2 7,614 8,644^ 

l*b Academic 4^ &316 6.976 7^* 

1*C Non-academic 5,957 7,324 a290 10J82* 

2. NSF Median Ph.D. 

Salaries 10,000 11.500 13,200 1S0OO 16^ 20890 

3. Starting Bachelor 
Salaries 

(EndiCOtt. Business) 2,936 4,060 5.256 5,912 6,816 7,^68 9,004 9j696 

BBtative Earnings of Dootoratas 

.4-a = (naJ/3 1,694 1.493 1.449 1462 

4-b=(1-b>/3 1541 1.309 1.327 1.350 

4*C=(1*C)^ Z029 1.604 1.766 1.722 

5 = 2^3 1.903 1.945 1.937 1506 1.833 ^.154 



Sources:'*Career^ofPh.D.VNRC(1968andNSF Ro5terofDoctoralSci9ntistsandEngir>eefS). 
a. Obtained by extrapolating tht» 1963 salaries back by three years assuming that do^rate 
earnings increase at 4 perceni per additional year of experience. 

palary differential has not changed much over time. 

B. The Costs: In defining the appropriate concept for the cost of a Ph.D it is 
useful to distinguish between "outlays" and "economic" costs. Hie full 
economic costs of the investment in a Ph.D. include tuition, feesr travel/ extra- 
ordinary living expenses^^ and the opportunity cost of foregone income during 
the period of graduate study. From the student's viewpoint, his private economic 
costs may be less than the full social economic costs by the amount of any 
scholarships, fellowship stipends, or income from part-time employjpent (such 
as through research and teaching assis^antships) that he earns during his period 
of "fulMime" study. Educators and graduate deans are cften'concemed about 
the out-of-pocket outlays that are needed to sustain a full**time graduate stu- 
dent,. These "outlays" include tuition, fees, travel, and aU living expenses. 

All of the cost items that enter into both outlays and economic costs viry 
across fields of study, institutions/ and individuals. In panel A ofTable 9.3-6, 1 
have assembled some of the backgrouiid data on tuition and room and board 
costs.^^ In deriving the data appearing in panel B, I invoked the (bllowing 
assumptions; 

1. Tuition is the arithmetic average for public and private universities. 
This is ir rough conformance with the ratio of graduate student en- 
rollments in the two types of institutions. 

2. Living expenses for gmduate students, (who are older and more Ukely 
to be married), are assunr.ed to be 50 percent higher than the room and 
board expenses shown in panel A. 

3. Roughly 20 percent of living expenses are extraordinary expenses that 
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would not have been incurred the individual had not elected to 
attend graduate schooK 

4- The calcubtions for both outlays and economic costs assume that the 
student receives no financial aid and earns m part-time income. 

The last two columns of Table 9.3-6 were included for the curious who might 
want to conjecture about the reasons for different growth rates in these cost 
components. 



Table 9* 3-6 
University Tuition and Living Expenses 
(selected years) 



Growth Rate 

Item 1959 1963 19fS 1973 1963-68 1968-73 



A. Background Data* 
t Tuition 



Public 




281 


377 


522 


6.05 


8.08 






1,216 


1,638 


2,412 


6.14 


8.05 


2. Room and Board 


















745 


^ 888 


1,147 


3.10 


5,73 


Private 




899 


1,035 


U76 


3.09 


5.86 


3. Foregone Inc^^meb 


5,064 


5,912 


7,868 


9,696 


5.89 


4.27 


B. Constructed Data 
















590 


749 


1,008 


1^ 


6.12 


8.02 




1,084 


1,225 


1,427 


1,812 


3,10 


4.89 




1.674 


1.947 


2,435 


a^74 


4.89 


6,75 


4, "Private Econ. Cosr < < 


5,871 


6.906 


9,161 


11,620 


5.81 


4,87 


5. Present Value of ''Pnvate 














cosl"atr-.05(000) 


21,86 


22.70 


34,11 


43.28 







a Source: Digest of Education Statistics* Table 128 p. 113. 

b Source: Endicott Series on Starting College Salarfes for Business Positions. 



According to my constructed estimates, the annuar^'outlays" that must be 
incurred in the quest for a Ph,D, have roughly doubled between 1959 and 
1973, Tuition now accounts for^O percent of the outlays. The private economic 
cost [which equal the full economic costs given no financial aid] are dominated 
by the opportunity cost of foregone income accounting for around 87 percent 
of the economic cost in 1973,^^ At a 5 percent interest rate, the present value 
of the economic costs for a student contemplating four years of ful^timi^, un^ 
subsidized graduate study, would have been 21,9 thousand dollars in 1959 and 
43,3 thousand in 1973, These economic costs can be compared to the monetaiy 
returns in 1960 of 10,1 thousand for all doctorates [at r =!',05j and 40,9 thousand 
for nonacademic doctorates. It is evident from these illustrative figures that 
the return to the investment in a Ph,D, for an unsubsidized student whose 
representative earnings stream is that of all doctorates, is below 5 percent. 
However, if he elects to enter nonacademic employment with its 20 percent 
higher salaries, the rate of return is just below 10 percent.^^ These ''representa* 
ttve^' calculations again concea! the wide variance across individuals. Tuition 
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at private universities is three times that at public although the differential 
^eems to "be nanowring. 

A comparison of the private economic costs to the monetary returns yields 
very different rates of retum. A survey of graduate student finances in Spring 
1965 revealed that 43 percent of the 477,535 graduate students received some 
stipends.^** Weiss (1971) found that the net earnings of graduate students [de- 
Bned as stipends arul income from spouse or part-time employment less tuition] 
\vere positive and varied between 39 and 64 percent of the full-time earnings 
of comparable bachelor degree holders who did not pursue a graduate degree. 
He found that the median income of graduate students in 1966 was $3,900. 
When Weiss deducted the net student eamings from economic costs, the rate 
of return to the investment in a PKD. dimbed from 6.67 to 12 percent. It is 
evident from these results that the size and availability of fellowships and 
part-time income have substantial effects on the profrtability of an investment 
in the Ph.D. in terms of monetary rewards. 

C. The ProbabPJty of Success: Not all who embark on the quest for a Ph.D. suc- 
ceed. Our casual observations tell us something about the magnitude of the 
proportion TT of each entering graduate dass that ultimately completes all of the 
requirements for the degree. Rodney Stark (1966) compiled the records of several 
cohorts of graduate students at Bericeley. The completion rates of these cohorts 
from the Stark data are shown below: 



Percentage Distribution of Degree Eamed by 1966: Bericeley* 
(for cohorts entering in 1951, 1954, 1957) 





No. in 


Percentage who eamed: 


Department 


Sample 


Ph.D. 


Master 


No Degree . 


Political Science 


82 


7.3 


31.7 


61.0 


English 


81 


11.1 


33.3 


55.6 


Chemistry 


125 


75.2 


11.2 


13.6 


History 


74 


21.6 


21.6 


56.S 



*taken from Breneman (1970A), Table 2, p. 9 



What surprised me about the Stark data, was not the proportion who eamed 
the Ph.D. but the fact that aside from Chemisiry, over half of each entering 
class went away without even a Masters degree which in mary departments 
that 1 have observed is awarded in lieu of a certificate of atterulance. A study 
of 3,450 Woodrow Wilson Fellows by Mooney (1968) is even more startling. OrJy 
34.4 percent of these presumably able and adequately financed students com* 
pleted the requirements for a Ph.D. degree.^^ A discussion of the determinants 
of the completion rate n [across fields and institutions] is deferred to sectiod 
3.3 below. The issue here is, ''How does the student's estimate of tt affect his 
decision to enroll in graduate school?". 

Let y denote the private net economic cost for k years of graduate study. 
(3.2) y = 2 (1 + r) (C,-S,K 

where Q is the full economic cost including the opportunity cost of foregone 
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income^ and St is the sum of stipends/ tuition waivers^ and part-time income. 
If we Ignore the attrition risk/ the expected net present value of the investment 
is simply, 

(3Ja) V = E * 

where E is defined in (3.1). The model proposed by Breneman (1970A) tacitly 
assumes risk neutral students who maximize the expected net value^ V^ ad- 
lusted for the probability of completing the degreo requirements ir. 

(3.3b) V' = ^E"r 

Cleariy V will vaiy across students depending on, among otherthing?, ability 
and the chosen field of study which will affect ir, the monetary returns if success- 
ful and the net economic cost y. In this model, a student will apply for grad- 
uate school if V > 0; i.e., if the net present value of returns is positive implying 
a profitable investment in human capital. The data in panel B of Table 9.3-6 pro- 
vide some illustrative comparisons. A student who received a fellowship cover^ 
ing tuition and living expenses would have incurred a net economic cost of 
y = $15.6 thousand in 1960. Since the monetary return to all doctorates was 
only E = $10.1, the Investment in a Ph.D. was not a profitable one at a 5 percent 
interest rate, even if ir = 1. If* however* we compare y to the income stream of 
a nonacademic doctorate, E = 40.9, the net present value V will exceed zero 
when IT > .381. It should be emphasized that these comparisons (which are 
ba^ed on admittedly crude data) describe the net returns to the "representa- 
tive" student. The values of (ir* E, y) obviously vary across students. Although 
V may be negative for the "representative" individual* it will be positive for 
some able students who are confident of their ability to earn the Ph.D. or who 
perceive high monetary return E which exceeds the average ietum. 

D. Non-Pecuniary Returns and Seardt: The attainment of a Ph.D. degree is 
generally accepted as evidence of scholarly excellence and bestows upon its 
holder, preference in securing certain kinds of employment as university pro- 
fessors/ heads of prestigious research organizations ^ or jobs involving original, 
independent research. If prestige/ research/ and teadiing (especially at the 
graduate level) ^tre desirable attributes (for which most individuals would be 
willing to forego some monetary [pecuniary] compensation)/'** competitive 
labor markets can be expected to establish equalizing wage differentials. The 
equilibrium wage rates for jobs with more prestige and better working condi- 
tions/ will be lower by the equalizing differential R which represents the im- 
plicit monetary value which the marginal employee attaches to the attributes 
of the job or occupation. Introspection suggests that for many, academic salaries 
contain elements of economic rent; i.e., if all universities were cartelized and 
salaries reduced by X percent/ many of us would still choose to remain in 
academia. This is not implying that the supply of Ph.D.'s to academia is com- 
pletely inelastic but rather that in measuring the pertinent supply price (the 
compensation needed to attract the last Ph.D. jnto academia), we must include 
the size of the equalizing differential R for the marginal worker. The difference 
between the earnings of academic and nonacademic doctorates (the latter earn 
about 20 to 30 percent more) gives us a rough indication of the nonpecuniary 
returns to academic employment. 

The hiring and salary policies of universities and the heterogeneity of 
Ph.D.'s and jobs are two of the factors that may impede the attainment of a 
Pareto optimum equilibrium in the Ph.D. bbor markets.^^ Virtually all uni- 
versities have adhered to a policy of never cutting the nominal salary of an 
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incumbent faculty member-. Since roughly two-thirds of all faculty members 
are tenured, the burden of adjusting to changing market conditions must 
laigely be borne by new doctorates. Further, the matching of individuals and 
jobs often entails substantial hiring and training costs because of the wide- 
diversity in the traits of Ph-D/s and the varying demands imposed by specific 
jobs> High labor turnover in an academic faculty or in a reseaKh organization 
greatly reduces the productivity of the organization. Given existing tenure ar- 
rangements and salary policies, new Ph-D/s may be unable to obtain preferred 
jobs even thougli the employing institution (and the new Ph>D>) would be wilU 
ing to exchange the new Ph.p. at a lower ^lary for an incumbent. As of Jan. 1, 
1969, 59.7 percent of all science doctorates were employed in academia [confer 
Table 3.l]. If the potential supply of new Ph.D/s preff^r, on average, academic 
to nonacademic employment, the future availability of academic posts, [meas* 
ured by the probabilit^ of securing such posts] must affect the non-pecuniary 
returns. More precisely, if the likelihood of getting an academic position is 
reduced, (as it is likely to be in the years ahead), it lowers the "returns" to the 
Ph.D. degree , (including both monetary and non-pecuniary returns) thereby 
reducing the supply of students who will apply for graduate study. 

The decision to continue beyond the AD degree may be prompted by a 
search tnot ive. The inherent instability and uncertainty that surround the tran* 
sition from school to work, manifest themselves in high labor turnover with 
^quent job changes and intervening spells of unemployment. Hall (1972) 
found, for example, that teen*agers typically hold three or four different jobs 
in a single year. For the non-college bound, the period following high school 
is characterized by the search fora suitable job. The situation is not qualitatively 
different tor the college graduate. For some individuals, the search for a career 
may be most economically carried out by enrolling in graduate school. Brene*^ 
man (1970A) argues that most first*year students are ignorar.t about the objec*^ 
tive chaiKes tt of earning a Ph.D. degree. 1 suspect that even fewer know how 
they would value the non-pecuniar>' attributes ot the kinds of jobs which Ph .D.'s 
hold. Such information can only be obtained by enrolling in graduate schools. 
Others who do not find "suitable" employment in Iheir senior year may apply 
for graduate school either as a way of staying in a "holding pattern" or as a 
means of switching fields of study. We have only limited empirical evideiKe 
on the returns to an investment in graduate education that does not culminate 
in an earned Ph.D. degree.-*-* The cost of a graduate education, (at least for 
some individuals) should not be treated solely as an investment in human 
capita!, but a part of the cost may be properly viewed as a cost of search. 

The economic literature on job search yields two pertinent implications. 
First, n decrease in the cost of search increases the demand both in terms of 
the number of searchers and the duration of search. Second, wealthier indi- 
viduals demand more leisure and attach higher implicit values to non^pecuniary 
attributes of employment whidi can onr^ be determined by search. The avail* 
ability of fellotvships, TA's, and RA's grdtly lowers the cost of search and 
should thus expand the supply of first-year graduate students. Further^ stu- 
dents who do not have to migrate to universities confront louder search costs 
therel>y implying higher first-year graduate student supplies (in rebtion to 
bachelor degrees) at the large urban universities. With the secular growth in 
the real wealth of our economy, 1 get the impression that more and more stu- 
dents are extending the time between formal schooling <ind full-time employ- 
ment. The Vista volunteers, travel to Europe, or a stint in graduate school may 
all be reflections of an iiKrease in the demand for a more leisurely search for 
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a lifetime career. The wealth hypothesis [i.e. that the value of search is larger 
for wealthier persons] further implies that at a point in time, the family wealth 
of graduate students should be larger than that of undergraduates. The search 
motive thus suggests that other things equal/ [specifically the monetary returns 
E and the cost yjt the projected growth in r^?al incomes should lead to an ex- 
pansion in the suppfy of first-year graduate students: 

The expected net present value, of an investment in graduate education 
can now be deflned to incorporate'these considerations. Let H denote the im- 
plicit value of search, vi^hile Q represents the implicit value of the non-^ pecuniary 
attributes of doctorate employments. 

(3.4) V''= 7r(E+Q) + H y. 

All of the variables determining V can vary across individuals. The private 
co&t y* for example, is to a considerable extent determined by Federal, state, 
and private university policies concerning the amount and allocation of fellow- 
ship/ TA> and RA funds; moreover/ y is likely to be smaller, the more able the 
student. Each graduating senior can. corKeptually. be imagined to formulate 
subjective estimates about the value of search the probability of earning a 
Ph.D. IT, the gross returns to the Ph.D. (E+Q), and the costs, y — his estimate 
for y is likely to be the most accurate. Hence, for each student, there is. in 
principle some V". and we c jld conceptualize a frequency distribution of net 
present values. f{V*). The population of graduating seniors B who form the 
potential population of flrst-year graduate students/ and the supply of flrst- 
year students. Ga,-will then be given by. 

(3.5) G3 = /o f(V)dV. B = f(V')dV". 

In this abstract model/ orUy individuals who perceive a net positive value for 
the investtnent in graduate education are presumed to enter graduate schools. 
The effect on Ga of changes in H> ir. E> Q, and y are obvious. There is some 
evidence corroborating these obvious anticipated signs. An unpublished study 
by Ashenf elter (1971) revealed, for example/ a close positive correlation Between 
the |:>ercentage of college seniors who intended to go on to graduate school, 
and the real (deflated) Federal outlays per graduate student for fellowships 
and traineeships; this result is consistent with dG^My < 0. The tighter labor 
markets for new Ph.D,'S/ (especially inacademia) in recent years. 1970-73. indi- 
cate a decline in both the monetary and non-pecuniary returns. (E+Q), to the 
Ph.D. degree. A fall in (E+Q) should be accompanied by a dedine in G^/ and 
the recent data do> indeed^ show a drop in the ratio of first-year enrollments 
to bachdor supplies/ (G^/B). 

The aggregation implicit in ihe supply model outlined above conceals the 
ways in which market forces can influence the allocation of graduate students 
across fieids. !rt the NSF supply model, the supplies of first-year graduate 
students in each science field are lirUced to the output of bachelor degrees in 
the corresponding fields."*^ An important omission in the model is the impact 
of the professional schools^ [law/ medicine, optometry, dentistry/ business, 
etc.] on the supply of applicants to the science fields. There seems to be ample 
room for more empirical research on how the monetary retums/ the psychic 
value of non-pecuniary retums. and the costs of the Ph.D. influence the supp^^ 
of graduate students, both in the aggregate and to particular fields. 

3,3 The University Demand for Graduate Students 

A university can be imagined to be a firm that produces several joint 
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products — bachelor degrees Bi masters degrees doctorates and research 
X. Some might want to add another "output", service to the community. These 
"outputs" are produced by combining inputs of undergraduate students \J, 
graduate students G/ faculty and other resources — buildings, facilities, ad< 
ministration/ and support personnel. The specification of a model describing 
the behavior of a university is beset by two difficult problems that have not 
been satisfactorily resolved in the literature. The first, (and simpler of the two), 
is the identification and estimation of a joint production function which 
describes how input flows of faculty and students, (F,U,G), are technically 
transformed into output flows of completed degrees and research, (B|M,D,X}. 
In short, we want to know more about the properties of what Nerlove (1972) 
called the joint production function of an educational institution. 

(3.6) , f(B,M,D,X) = g(F,U,G) 

The second and more formidable problem is the specification of the university's 
objective function. Advancing the frontiers of knowledge, training tomorrow's 
leaders, solving pressing national and social problems, are but some of the 
phrases that appear in alumni magazines to describe the goals of a university. 
At a more disaggregative, partial level, Breneman hyj^othesizes a departmental 
objective function whose arguments include aprestige index for the reputation 
of the faculty, and the quality of its Ph.D.'s as measured by their placement 
in quality institutions. If degree recipients and research are properlj; adjusted 
for quality,^* the arguments of a university's objective function should only 
. include "outputs" and be something like, 

(3.7) ■ W = i^(B. M, D, X) 

where increases in any of the arguments enhance the measure of achievement 
of the UTiiversity which is denoted by some index W. 

In striving to maximize achievement W, the university is constrained not 
only by the properties of the joint production function (3.6), but also by a 
budget constraint which might be written as: 

(3.8) FP, + ZP^ = R + E. [R = R(U,G,X)] 

where FPr = the compensation of faculty, ZP^ = the cost of other resources, 
R = net revenue from tuition and research, and E = endowment income in- 
cluding the "fixed" components of Federal and State grants."*' The model is 
complicated by the fact that each university is a slightly differentiated firm. 
The "price" of comparable faculty inputs can vary within narrow fimits depend- 
ing on the quality of the institution, of colleagues, of research facilities, and 
of graduate student inputs. Likewise, the "prices'' that can be charged to com- 
parable undergraduates may vary, but competition among institutions for 
these students limits the range of these price (tuition) variations. It is beyond 
the scope of this paper to attempt to derive the properties of the equilibrium 
for the university as a whole. I propose, instead, to direct attention to two 
special cases dealing with the demand for graduate students. 

A. The Short-run Trade-off Beiweeu Uudcrgraduate audGradtiatc Degrees: Con- 
sider a case in which research output X, other resources and their costs ZP^, 
and endowment income E are fixed in the short run. The budget constraint 
facing the university can be simplified to: 

(3.8') FPf = R*(U,G) + K, 

where K is the net revenue from endowments and research contracts l^ss Z?^, 
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the costs of other resources. The "fixed coefficienl" models that are used to 
project supplies, imply strong separability of the joint production function 
(3.6)i i?amely, undergraduate inputs U do not affect the output of graduate de- 
grees/ and vice versa. The production functioni^impliedby these models are of 
the form: 

(3.6a) B = U,, 
(3.6b) D= {1-5)G,. 

where for simplicity, 1 assume only one kind of graduate degree^ doctorates D. 
Thus, in (3.6a)y the output of equivalent bachelor degrees B is linked to the lagged 
input of first-year undergraduates U, via the attrition rate a in undergraduate 
education. Similarly, D is'linked to the lagged input of fh^t-year graduate stu- 
dents Gt via a different doctoral attrition rate d. This is surely an over-simplifl- 
cation/* but it enables us to see how the budget and production function con- 
straints limit a university's demand for graduate students. 

Consider a university that increases iis demand for graduate students in 
an attempt to expand its output of doctorates. It can do this in two ways; (a) 
offer more stipends to applicants of a given quality or {b) lower the minimum 
qualifications for admission to the doctoral program. If G and G, are measured 
in equivalent quality unitS/ the revenue function/ R = R*(U/G)/ will exhibit 
rapidly diminishing returns."*^ Further, an enlarged doctoral program must be 
accompanied by an increase in the size of the graduate faculty, Fj,, in order to 
prevent an unwanted rise in the doctoral attrition rate 5. We can define a net 
marginal revenue, NMR^, as the difference between the marginal revenue 
generated by the student/ {dR/dG,)/ and the incremental cost of the added 
faculty needed to maintain a constant attrition raie 5. 

NMR. = (^)-,JSU)P,. 

It 4s probable that NMR^ becomes negative rather quickly when the univer- 
sity hires new faculty to staff Ihe doctoral program.^*^ When this happensi the 
budget constraint is violated/ and the university must adopt another means of 
financing its increased demand for graduate students. The requisite graduate 
faculty could be obtained by reallocating the incumbent faculty from under- 
graduate to graduate programs. Such a reallocation must, howeven be accom- 
panied by curtailing undergraduate student enrollments U. If this is not done/ 
a lower faculty to student ratio in undergraduate courses must lead either to a 
higher undergraduate attrition rate or or a lower quality of bachelor degrees; 
both result in fewer eqin'va/cnf^bachelor degrees. 

In the absence of more'extemal funds from endowments/ research grants/ 
or public funds, a university's short run demand for graduate students is ef- 
fectively limited by its budget. The net marginal revenue of a graduate student/ 
NMRg/ eventually becomes negative as {a) larger stipends are offered to attract 
students, (b) lower quality students are admitted/ and (c) more faculty are hired 
to staff the graduate program. The enlarged doctoral program can only be fi- 
nanced within the university's budget constraint by cutting back on the produce 
tion of undergraduate degrees. 

B. A Digression on the Incubation Period from Bachelor to Doetoratc: The NSF 
model for projecting future supplies of Ph.D.'s is qualitatively similar to the 
"fixed coefficient" model of equation (3.6b) above. The assumption in (3,6b) 
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of a fixed ratio, ofthe output of Ph.D. degrees to the lagged input of firsb 
year graduate students is an over-simplification. The "incubation period" from 
AB to Ph.D. degree deariy varies across individuals and fields-. Let Gj denote 
the number of first-time enrollments to a graduate program in year t. Some 
fraction tti of them will complete all of the requirements for the degre in .two 
years/ another fraction 7x3 in three years, etc-. The doctorate yield from this 
cohort will then be the sum of these proportions where J is the upper limit, 
(iTi + 7x3 + ... + iTj). If these completion probabilities are stable overtime, the 
actual number of Ph.D. degrees conferred in year t, Dt, will be a distributed lag 
of prior first-year graduate enrollments, Gt.j. 

(3.9) Dt = i irjG,.j = 7rsGt.a + Ti^sGt.^ + ... + ?rjGt.j. 

The NSF Roster or the NRC Doctorate Record File could be used to estimate 
the profile of these completion probabilities ^j. In the time available for this 
paper, I was unable to gain access to these files. If, however, one assumes that 
nearly all students enter graduate school immediately after receipt of their 
bachelor degrees, the biographical data in American Men and Women of Science 
allow" us to infer the length of the incubation period from AB to Ph.D. degree. 
A sample of 368 individuals was selected from this source/ and data on the time 
interval between AB and Ph.D. degrees were cross-tabulated by major field and 
the year in which the Ph.D. degree was conferred. The results are presented in 
Tables 9.3-7A and 9.3-7B. 

For the entire sample, the mean length of time from the bachelor to the 
Ph.D. degree was 8.48 years. One of every nine degrees was awarded to an 
individual who required fifteen or more calendar years beyond the AB before 
he completed his dissertation. In this sample of 368 degree recipients, the 
interval ranged from two years, [one of which was a Ph.D. in forestry awarded 
to an Indonesian ^hose previous degree was not easily translated into U.S. 
terms] to thirty years [for an undergraduate ftx)m iVlcAllister who eventually 
earned his Ph.D. in inorganic chemistry].** The data of Table 9.3-7A reveal dif- 
ferent frequency distributions for the physical and biological sciences vs. the 
social sciences. Fully 45 percent of the Ph.D.'s in the hard sciences were com- 
pleted in four to six years. The social science distribution was essentially flat 
between four to nine years. 

The incubation period as well as the probability of eventual completion 
[i.e. the sum of completion probabilities tt}] should be affected by the same 
market forces lhat influence the supply of graduate students. The analysis of 
section 3.2 suggests the hypothesis that the probability of completion should 
increase during periods of rapidly rising demands for Ph.D.'s. The percentage 
of late finishers [ten or more years to earn a Ph.D.] seems to have increased 
in the 1955-59 and 1965-73 periods, but the sample sizes in Table 9.3-7B are too 
small to show statistically significant differences. Aside from the Stark (1966) 
study/ [reported in Breneman (1970A)]/ 1 was unable to get reliable estimates 
on the probability of ultimate completion, ir = Sttj. 1 have the impression that 
TT is around .2 to .4 in the social sciences and around .5 to .7 in the physical 
sciences." If these guesses are near the mark/ the long tails in the frequency 
distributions of incubation periods, suggest that at any point in time, there is 
a substantial reserve of "all but dissertation" Ph.D. candidates who could be 
induced to finish their degrees thereby augmenting the supply of new Ph.D.'s 
in a period of rising demands. 0>nversely, in a period of falling demands for 
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Table 9. 3-7A - i 
Dtstrfbutlon of Incubation Period 
from Bachelor to Doctorate Degrees 



Totat Sample Degree Gramed Since 1960 



Years from 
Ah/BS to Ph.D 


Freq. 


Percent 


I^BItfQIM 


FreQ. 


i^vi i^dii 


1 fTH 1 Ifttlu A 
r d W41 1 


Physicat and Bioiogicai Sciences 
















4.95 


4.95 


3 


3.95 


3.95 


4 


29 


15.93 


20.66 


11 


14.47 


16.42 


5 


26 


15.33 


36.26 


11 


14.47 


32.69 


6 


25 


13.74 


50.00 


12 


15.76 


48.68 


7 


17 


9.34 


59.34 


6 


10.53 


5921 






6.24 


67,58 ^ 


6 


7.69 


67.11 






5.49 


73.08 


1 


1.32 


66.42 






6.04 


79.12 


6 


7.89 


7^32 


11 


4 


2.20 


61.32 


2 


2.63 


76.93 


12-14 


14 


7.69 


CQjOI 


6 


10.53 


69.47 




20 


10.99 


100.00 


6 


10.53 


ioojoo 


Sociat and Behavioral Sciences 
















5.91 


5l91 


3 


3.26 


3.26 


4 


21 


11.29 


17.20 


5 


5.43 


6.70 


5 


17 


9.14 


2^34 


9 


9.76 


16.46 


6 


22 


11.83 


38.17 


12 


13.04 


31.52 


7 


20 


10.75 


48.92 


15 


16.30 


47.63 


6 


2$ 


9.68 


56.60 


11 


11.96 


59.76 






9.66 


6a26 


9 


9.76 


69.57 


10 


11 


5l91 


74.19 


4 


4.35 


73.91 






5.91 


80.17 


4 


4.35 


76.26 


12-14 


14 


7.44 


67.63 


3 


3.26 


61.52 


ISormore 


23 


12.37 


100.00 


17 


16.46 


IOOjOO 


Ail Sciences 














2-3 


20 


5.43 


5.43 


6 


3.57 


3.57 






13.59 


19j02 


16 


9.52 


13.10 


5 


45 


12.23 


31.25 


20 


11.90 


25J00 


6 


47 


12.77 


44j02 


24 


14.29 


39.29 


7 


37 


10.05 


54.06 


23 


13.69 


52.96 


6 


33 


6.97 


63.04 


17 


10.12 


63.10 


9 


26 


7.61 


7065 


10 


5.95 


69j05 






5.96 


76.63 


10 


$95 


75.00 






4j06 


60.71 


6 


3.57 


78L57 


12-14 


26 


7.61 


66L32 


11 


6.55 


65.12 




43 


11.68 


100.00 


25 


14.68 


100.00 



Ph.D.'s, we should expect to observe a fall in the ultimate completion proba* 
bility TT f implying a rise tn the doctoral attrition rate S). The vast quantities of 
data in ihe NRC Doctorate Record File, and the diversity across fields in the 
market demands for new Ph.D.'s can be used to develop economic models that 
can be empirically implemented to test some of these hypotheses. Aside from 
Breneman {1970B),*^ the research to date has largely been addressed to project- 
ing future Supplies and not to further our understanding about the underlying 
production function for Ph^D.'s. 

C. Ihe Longer Run Determinants of the Universit\f Demand: In the long run, a 
university's demand for graduate students will clearly be influenced by its fi- 

219 



223 



T«b)e^9. 3-7B 
Percentage DistrUHitldn of tttt Incubation Period 
from Bachelor to Doctorate 
(c)a»if ted by broad Itetd and year of doctorate degree) 





Years from AB toPh.D 






Standard 


Year 


2-7 


8*14 


15 or more 


No. 


Mean 


Deviation 


Phy^icdt and Biolo^tcat Sciences 
















91.7 


ao 


6.3" 




C.UU 


O Oft 




57.1 


33,3 


9.5 ' 




fJO^ 


A 




65.7 


34.3 


0.0 






^ ni 

O.U1 




44.7 


31.6 


23.7 


*Yft 








58.8 


35.3 


5.9 




ft *i*> 






59.5 


28.2 


14.3 


AO 


O.vr 




Trtiat 


59.3 


29.7 


11.0 




ft Ifl 




















47.1 


52.9 


0.0 


t i 


7 71 


^ d.1 


1940-49 ■ 


6ao 


30.0 


5.0 


20 


6.60 


3.07 




40.0 


60.0 


0.0 


25 


8^2 


3^ 


1955-59 


50.0 


34.4 


15.6 


32 


a66 


5.13 


1960-64 


33.3 


41.7 


25.0 


24 


10.75 


5.63 


1965-73 


52.9 


30i9 


16.2 


68 


9.13 


5.40 


Total A 


4e.9 


38.7 


12.4 


166 


e.77 


4.8$ 


Combined Sciences 
















65.5 


31.0 


3.4 


29 


7.00 


3.30. 


1940-49 


61.0 


31.7 


7.3 


41 


7.12 


3.82 


1950-54 


55.0 


45.0 


0.0 


60 


7.45 


3.39 


1955-59 


47.1 


32.9 


200 


70 


9.33 


5.60 


1960-64 


48.3 


37.9 


13.8 


58 


9.33 


5.83 


1965-73 


55.5 


ad.1 


15.5 


110 


8.95 


5.27 


Total 


54.1 


34.2 


11.7 


368 


8.48 


4.95 



nandal (budgetary) resources and by the market demand for new Ph.D.'s. Very 
few universities admit ail applicants for their doctoral programs because tuition 
simply does not cover all of the incremental costs. These costs include not only 
the direct costs for the higher faculty/student ratios in graduate courses,^ but 
also the indirect costs of diverting faculty time away from contributing to the 
research output and undergraduate teaching of the university. In determining 
the size of its entering class which together with attrition rates fixes the size 
of the graduate program, [in terms of graduate enrollment and degree produce 
tion], each department also considers the hidden costs deriving from "the im* 
plicit quasi-contractual, [and sometimes even paternal] relationships that 
often develop between graduate students and faculties. The process of dropping 
students from a graduate program is distasteful to many faculty members, and 
they would rather not admit marginal students even when the student is pre- 
pared to pay for the incremental costs.** 

A university demands graduate students to produce Ph.D.'s who will 
hopefully contribute to the university's reputation and achievement. The value 
of more Ph.D.'s> in terms of the university's objective function (XT), depends 
critically on'the market demand for new doctorates. Breneman (1970A) assumed, 
for example, that each department behaves as if it had a ^'perceived demand" 
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for its Ph.D/s. In his model, a Ph.D. who can only be placed at a twoyear 
community college/ detracts from the department's reputation; i.e. he has a 
negative marginal value. If these ar*; the only kinds of jobs available, the de- 
partment will simply limit its output of Ph.D.'s either by reducing its demand 
for new^graduate students or-by incmasing attrition rates.^* 

Information about the job market is often imperfect. Students seek the 
advice, guidance, and assistance of their principal advisors iii finding suitable 
employment. These faculty advisors are often the channels through which 
information about *iie market is funneled back to the admissions committee. 
Graduate deans are continually surveying degree recipients and compiling data 
on their employment. Several writers have asserted that these information 
channels are imperfect, and they eSlKfor a national employment service for 
new Ph.D.'s. The Ph.D.'s and the institutions that employ them are very hetero- 
geneous, and organized national exchanges like the wheat pit do not function 
well when buyer and seller must determine for themselves/ the precise attri- 
butes of the other. My impressions are that the existing information charmels/ 
at least in the older established doctoral programs, function quite well. The 
newer programs with little prior experience in producing and placing students/ 
seem to have more difficulty in perceiving current market conditions. For 
roughly comparable budget conditions/ these impressions imply that in re- 
sponse to the recent downturn in the emptoyment opportunities for physicists, 
the older established doctoral programs in physics should have exhibited 
sharper reductions in graduate enrollments.^^ Employment opportunities for 
new Ph.D.'s in academia and research are thus likely to affect both the uni- 
versity demand for graduate students as well as the supply of qualified appli- 
cants. Given current tuition rates and stipend policies for graduate students/ 
the production of advanced degrees/ (especially Ph.D.'s)/ constitutes a drain 
on the university's financial resources. With a declining maiket demand for 
new doctorates/ universities will, in all likelihood, contract the size of their 
doctoral programs because Ph.D.'s »n non-research and predominantly under- 
graduate teaching positions contribute little to the institution's reputation and 
prestige. 

3*4 On Market Equilibrium and Projections of the Fh*D* Labor Market 

The current NSF projections of the future supply and utilization of science 
doctorates predict the development of a serious glut in the Ph.D. labor market. 
By 1980/ some 6 to 20 percent of all Ph.D. scientists are projected to be unable 
to find suitable employment m academia and in nonacademic research posi- 
tions. The supply projections are mairUy predicated on extrapolations of recent 
trends in the production of new doctorates* Thus, when first-year graduate 
enrollments dip/ [as they did in 1971 and 1972]/ these supply projections are 
drastically revised downward without ever really trying"^ to determine the 
underlying causal factors that produced the dip. Although surveys of the deans 
ofgraduate schools contradict these supply projections,^* the trend projections 
still seem to corrimand the attention of policy-makers. 

On the other side/ the utilization or requirements projections invoke rather 
rigid assumptions about the structure of the market demand. The projected 
academic requirements for new doctorates are based on arbitrary judgmental 
assumptions about the future time paths of two critical parameters/ (a) the 
students to faculty ratio and (b) the doctorate share of new faculty appoint- 
ments. The teaching load of American professors is absurdly low when com- 
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pared to that of Soviet professors in non-research university positions. 
University professors, especially thos^ with Ph.D. degrees, are expected to 
produce some research even when the/ are not explicitly provided with ear- 
marked research grants; the role of academic research is wholly ignored in the 
current demand projection methodology. The relative values which a university 
attaches to the research and teaching outputs of their faculty, will surely in- 
fluence the equilibrium ratio of students to faculty .^^ The assumptions about 
the doctorate share of new appointments abo largely ne]|fect market consi- 
derations except for ad hoc rationalizations for the particular assumptions in- 
voked for the projections. Ph.D. and non-doctorate faculty inputs are clearly 
imperfect substitutes. The rational university can be expected to vaty the pro- 
portions of doctorate to non-doctorate faculty inputs in response to changing 
relative prices (salaries) and relative productivities where the latter is measured 
by cheir respective contributions to the research and teaching outputs of the 
university .^^ In fact, these substitutions are also likely to affect the university's 
demand for graduate students when they are also employed as teaching assist- 
ants. I have not come^across any empirical studies that attempted to estimate 
the magnitudes of the elasticities of substitution between doctorate, non- 
doctorate, and teaching assistant faculty inputs; in fact, 1 know of no theoreti- 
cal studies on this topic. 

The neglect of market equilibrium is also evident in the methodology be- 
hind the doctorate supply projections. Expectations about the salaries and em- 
ployment opportunities for new Ph.D.'s, as well as the private net costs of an 
investment in the quest for a doctorate are, from a theoretical' viewpoint, im- 
portant determinants of the supplies of first-year graduate students; these 
factors are totally ignored in the current projection methodology. Moreover, 
many of these same variables are also likely to affect the ultimate supplies of 
conferred Ph.D. degrees via their impact not only on the university demands 
for first-year students, but also in the departmental practices which influence 
ittrition rates from doctoral programs. 

1 can only conjecture on the ways in which policy-makers might react to 
the projected 1980 glut in the Ph.D. labor market. They could tiy to reduce the 
future supply of science doctorates by cutting back on fellowship and trainee- 
ship funds. They might tty to augment the demand for Ph.D.'s by expanding 
the flows of Federal and state funds to finance more research and development. 
If universities could be assured of a continued exponential growth in their 
budgets, it is virtually certain that the academic demands for science doctorates 
would also expand. The simplest economic models, common sense, and intui- 
tion are sufficient inpqts that enable us to predict the direction of change of the 
policy alternatives before us. We know that more Federal and State funds to 
subsidize graduate education will expand the supply of Ph.D.'s. What we do 
not know is the empirical magnitudes of the response of the Ph.D. labor market 
to the various policy alternatives, and the existing information that is conveyed 
by the scientific manpower forecasts do not tell us these crucial magnitudes. 

The available projections of doctorate supplies and utilizations tacitly as- 
sume that whatever has happened in the recent past, will continue to prevail 
into the next decade or two. The projection methodology simply assumes away 
the fundamental facts of market equilibrium. The past and future supplies and 
demands for Ph.D.'s represent the equilibrium outcomes of private and public 
decisions. It is contended that the available projections give policy-makers an 
indication of the probable state of the Ph.D. labor market // the policies that 
were followed in ^he recent past were continued into the future.^^ But the ra- 

222 



226 



tional formulation of public'policies tow;ird higher education can only be 
achieved if we, as analysts, are able to idenlify and quantify how past and 
future public policy actions affect the e<^uilibnuin in the Ph.D. labor market. 
In spile of these criticisms which have been voiced by earlier wrilers, public 
agencies continue lo demand more scientific manpower forecasts thai differ 
only in the refinement of the available statistics and in :nsignificavit alterations 
in Ihe basic melhodology. The pressing need for more manpower projections 
of essentially the same ilk, [backed by the funding to produce Ihese projec- 
lions], seems somehow to have gotten the priorilies reversed.^' Forecasis that 
can be polentially useful in guiding the formulation of public policies, musi 
be based on a sound economic model of the market for Ph.D.'s. Such a model 
would provide policy-makers with empirical estimales of the relationships 
describing the behavior of universities and olher institutions (mainly research 
organizations and government) that employ science doctorates, as well as the 
behavior of college graduates who form Ihe potential supply of new Ph.D.'s. 
The existing projection models that foretell the future of the Ph.D. labor markel, 
do not incorporate these behavioral relationships and thus are incapable of 
providing us wilh valuable insights about the functionings of the Ph.D. labor 
markel . 

FOOTNOTES 

' Mailcet insurance and self- insurance via savings offer two waysof spjreadii^ the costs of some 
random events such as utesr illness, death, etc. Other risks and costs c^n be affected by allocating 
resources to protection; e.^. Install in^spnnktersystemst hiring public^nd private police protection, 
buying non^fbrnmable fabrics, etc. F.H. Knight (1921) drcv.' a dbtinctlon between "risks" and 
"u.^certainties". According to my interpretation of Knight, rislcs pertain to situations in which the 
probability distribution of the random event is stable implyii^ that the event is potentially in* 
surable. Uncertainty, on the other hand, refers to a situation in which the probability distitbution 
is unspecifiable or unstable. It would seem that the random events which scientific manpower fore* 
casts purport to predict, arc closer to Knight's concept of uncertainty. 

^ This reason applies equally to both publicand private demands. An oil company contcmplat* 
in^an investment In another ocean-goin^ linker must somehow forecast the future returns whether 
that forecast be explicit or implicit. 

^ The s£x reasons cited here arc direct quotations with only one minor omission. The reader is 
urged to consult the/ull text» [Freeman and Breneman (1973), pp. 16-18], which presents the authors' 
arguments for rejecting reasons 1, 2, and 4 as valid justifications for manpower forecasts. 

* Freeman and Breneman (1973), pp. 16-18, contend that students distrust guidance counselors 
and that college administrators are quite responsive to changirtg demand:* for study in different 
fields. In their view, the objectives sought by reasons I and 4 arc already being accomplished 
(without forecasts) by the decentralized decision processes which characterize the U.S. higher 
education system. 

^ This description appeared inCj. Stigler, TA^Tfrfo;y o/fncr (The MacMillan Co., New York: 
1952)' second edition, pp. 156*7. 

^ Although I appreciate the imjjortanl distinctions b»etween forecasts, conditional forecasts, 
and projections, the e^tposition is facilitated by referring to all of them as "forecasts". I shall, how* 
ever, distinguish between requirements or demand forecasts vs. supply forecasts. 

^The magnitude of the decline b evident by examining the data for a specific age class. In 
the table below, I present the Census data for the actual and projected population of IS yeanolds* 
The figures arc five-year averages for both sexes in thousands: 

1950-54 2,120.4 

1955-59 2,279.6 

1960-64 2,790J 

l%5-69 3^620.0 

1970-74 3,953.6 

1975-79 4,215.2 

1950-84 3,936,4 

1985-69 3,569.0 

It should be remembered that the IS year-olds m 1989 ^vere already bom in 1971 so that these 
population projections will be extremely accurate. 
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* In their i«vtew Attlde. Wolfte «nd Kidd (1971) p. 7B9 wrote, "For example, Batden^n «nd 
ILidiiei^s work was, to « con5id«nb1e extent, a test of the sensitivity of Caittei^s ptojectjons of 
faculty employment to changes in some of the und«Hying assumptions," 

^The fourstTucnitalequAtbnsare:(l)newdoctor«t« iequiiementsD|aie«quiltothedoctonte 
shire of new appoihtfn«nt» P, times, total new faculty appointments Mj, » F^Ni, (2) total new 
faculty appointments are equ^l to the change in the stock demand for faculty plus tcptacement 
of facutty who retire, ft can be written^ 

N/t>-^ [?M - FXhl)] + fiF^t-1) =. FXt> ^ aF/t-1). 

where .02 is the retirement rate and a « (3) the stock demand for faculty is equal to the pro- 
jected student enn^Ument in the j-th sector Sjdivjded by the student/facuity ratio Rj, Fj S/Rj, and 
(4) student enrollment in the j*th sector is equal to the atlocativc ptop^rtioiulity share kj times total 
student enioltment. 

S^t) - k^t)S(0. 

If the assumed treni^sIntheaHocative shar^of students, k/t), are substituted mto(2^b), we 

fi*t, 

W(t) » W<, - j3t « .0225 - ,00012271. 

Thus, W[t> dedine* ftom .0225 in 1970 to .0200 in 1990, In interpreting equation (2.4), it should be 
remembered that Jn the "no change" ptojection, Pj and Rj do not vaty, 

n I haveonly shown the parameters for the "adei^uate finance" case^ The "intermediate" pn>- 
jections assume target valuesforthedoctorate share of new hires, P|, which, by 1990, will equal ! he 
observed 1967 percentage of associate professors in each sector who held doctorate degreeSi 

According to the Digest of EdttcaHortcl Sfntislks, ((1972), Table 88, p. 75], resident degree 
credit entoUment in all institutions of higher education as a percentage of the 18*21 population, 
dimb>ed from 4.01 percent Jn 1899-1900 to 51.89 percent in Fall 1970. The Digfsl f^ures of 7,545' 
thousand enrolled in Fall 1970 diH^ers from theXartter project ion. for 1970 of 6303 thousand [as 
reported in Table 3^1 of Balderston an<f Radner (1971)^ p. 18], The discrepancy is prc^^biy due to 
the use of full* time equivalent students in the Caittet projections. The Cartter student enrollment 
pro}ectJons imply that college student enrollments as a percentage of the 1&-21 population will ris^ 
from 43.3 percent in 1970 to 60.4 percent in 1990. 

it is my understanding that the current version of the MSP projection model incorporates a 
feedback effect. Using a Thiliips curve type adjustment modet the projection fcr first^vear graduate 
enrollments is lower, the larger is the excess supply of doctorates. Hence^ the projected academic 
requirements for new doctorates affects projected student enrollments in the "market" versiunof 
the NSP model. 

Disaggregation serves a useful purpose when the behavior and/or parameter values for the 
disaggregated sectors arc substantially different. The principal difference amoitg the six sectors is 
in the doctorate share of new appointments Pj. A disaggregation between undergraduate vn. gr^d* 
uate enrollments would, I suspect, have been far more efficient in desciibir^ the prior "demands'' 
or requirements for new doctorates. 

The most recent BIS projections are reported in, "College Educated Worfcer;^ 1968*60" BLS 
Bulletin 1676, Projections for 1975 appear in Tomorrov/s Manpower Meeds"^ BLS Bulletin 1676. 
The BtS methodology is described in Appendix A of Gulhtin 1606, VoL IV. 

1^ In actualit>, the methodology is more complicated. For some occupations such as auto 
mechanics, dentists, etc. for which time senes data are available, occtipatlonal requirements are 
directly estimated by relating empk>yment in the occupation to various explanatory variables such 
as vehicle registrations, disposable irKome, frequency of repairs or visits to dentists, etc. I am also 
skimming over the difficult empirical issues of comp^'^rable data and consistent occupational defi- 
nitions. 

*^ With fixed technical coefficients^ the prices of products that are more labor int'^nsive will 
rise faster when the wage rate of labor is increased. The higher relative prices for labor intensive 
goods will prompt consumers to demand fewer of those goods thereby reducing the aggregate 
demand for bbor. This principle was demonstrated by Friedman (1962) in his "Theory of Distribu- 
tion with Rxed Proportions;". 

The ratio of the projected requirement to actual employment in the j-th occupation, (£^Ej) 
Is simply the product of the corresponding ratios for industry employment and occupational ratios. 
If there are M industries, we have, 

tJj Iff I ti 

where ki is the i-th industjys share of employment in the i-th occupation. The relative error in the 
projected occupational ratios, {Th u) is found to bo four i. ftve times the lelattve error m propected 
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^*The linear trtml is the simpte^t functional tanrit but one could pcsit pclynomlal trends^ 
.expcnential trends^ or logistic trend e<lMatlons* 

^?TheNSF procedure is equivalent to invokii^ the following assumptions about the variance 
of the error term: (a) E[ei>] for alh prior to the Ust ten years of the sample data^tb) H[et^] 
for the first five years included In the ^missable sample^ and (c) H[et'] « 0«5o^ for the most recent 
Bve years. Finally^ U is tacitly assumed that the random errors are serially Independent; I.e., 
^[^i^mJ w 0 for all j ^ 0. Given these assumptions^ the parameters are estimated by Aitken's 
generalized least squares to get a weighted trend line. 

One way to see if the relationship has shifted is to estimate it for subperiods. 1 fitted the 
linear trend (2.7b) for two five-year ^bperiods where T, ** I in 1958 and lO in l%7< Ihc otdinaty 
least squares trertd lines vvere: 

H, 63.07 + imtfTi ri95$-62 period] 

Y, » 66.27 + LOeOTi [1963-67 period] 

The samples are too small to apply significance tests^ but it seems that the intercept a shifted in the 
most recent five-year period. The linear equation is one of many trend relationships that could 
have been fitted to the time series data. One could have eicperimented with logarithmic trends, 
logistic trend equations, etc. But as 1 shall aigue in section (c) below, trends can only describe a 
tinoe series and do not ''explain" the tune^path of the variable in question. 

It is assumed here that students gp directly from high school to college^ and the production 
period for a bachelor^s degree is four years for everyone. Ihe NSF supply projectbns do albw for 
delays in starting college and in the time required to earn the degree. However, these lags are re- 
ported to be stable over time, and neglect of them here does not affect the principle that is being 
analyzed here. 

The Di$esl only reported data from the biennial surveys. Data for the odd years were taken 
from Sodat tndicaton published by the Bureau of the Census. First^time enrollments (Di$tstt Table 
90) include returning veterans as well as students who do not godirectly from high school to college. 
Ihe completion rate, C| & t-^i. was calculated as the ratio of bachelor degrees in year t, Z^. divided 
by first enrollments fouryearseariter, E^; l-ai= Zt*E(^.Tliedata of Table 9.2-3 apply to both sexes. 
The NSF methodology computes separate rates for males and females. 

^^Thefifth columnofTable9.2*4 presents theratioof doctorate degreesawarded in yeart divided 
by bachelor decrees awarded in year t-5. A three-year moving average of bachelor degrees awarded 
in years t<4, t-5, and t*6 was used in the denominator of the ratios appearing In the sixth column. 
Since the number of bachebr degrees awarded exhibited a falriy smooth upward trend ov^i this 
period, the two ratios of doctorates to lagged bachelors are not appreciably different 

^ The cost of a college education has fallen with the rapid expansion of low tuition public 
colleges and^universities. The available cross^section data indicate that the income elasticity of the 
demand for college education is positive and laige. To the best of my knowledge^ wedo not yet have 
good empirical studies that estimate the response of first-time enrollment rates to the private costs 
of college education and family income. 

^^Thef'ollowtngdat^ion student enrollments (in thousands) by control of institution were taken 
from the Di$tsi of BducatiQnM Si^^f^tics, 1972, Table 67. 



Year 


Total 


Public 


Pciv;ite 


rublic/Private 


1952 


2,134 


1,101 


1.033 


1.066 


1960 


3,583 


^116 


1.467 


1.442 


1971 


8,116 


6.014 


2.102 


1861 


I971tl952 


3.ao 


5.46 


2.04 





Enrollments in the public institutions Over the period 19^2-71 increased an annual compound 
growth rate of 9 '1 percent while thatof the private institutions w;is only 3.8percent. Further, Table 
88 of the Dt$e^ revealed jthat graduate students constituted 10.1 percent of total enrollment m 1^2, 
;ind 1 1,9 percent in 1970. Ihe shifi toward more graduate study is thus consider;ibly less than that 
toward more publicly financed higher educ^ition^. 

>^ 1 h;ive borrowed he;ivily from Brcneman (1970A) an<f strongly recommend it to the reader. 

In their review article. IVolfie and Kidd (1971) summ;irized several projections of doctorate 
supplies and requirements including those by Cartter, NSF, Dalderston artd Radner, and others. 
Th^eaveut that project ions;iren^i forcc;i^ts, is reiterated In this;irttcle. However, theautho^s ivnte. 
"The ;igrceinent among these three studies indic;ites that the projected faculty requirements given 
in Table 3 c;in be taken as a reasonable base for estim;iting the future academic market for new 
doctor;ites " A skeptic would ask if these were "independenr studies and would question their 
undertyti^ projection models before ;icceptii^ the '"reasonableness" of the estimates. 

It is my understanding tW N5F is revising these projections by re*estimating tret>d equa- 
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tions in the light of more recent d^ta on ftrvt^year graduate enroUmentSt supplier of doctoratec^ 

FederalRandOspendtngfetc.ThtfinventoryofdodoQtesdentUtcutUixationisabob^ 

and the methodology attempl» to incorporatea feedback in which Hrst-yearenroHmentsare related 

to the supply/utUizatton projections. 

^ Further evidence on the sensitivity of thb methodology can be found in Lincoln E. Moses 
(1972). Moses using^i similar technique but having theadvantagt of more recent timcsencs data on 
bachelor degrees and Hrvt graduate enrollments in physics^ developed his own piojectbns of the 
output of Ph.D. physicists which w«re (not surprisingly) considerably below the earlier projections 
by the Office of Education and by Ortter. 

^ The data for doctorates represetit geometric means of annual incomes from all sources for six 
cohorts of Fh^O.'s who responded to the NRC survey; confer "Careers of Fh.O.'s"» NRC (196^. 
The NRC questionnaire 4sked each respondent to report his 1963 annual income and to report 
(based on recollection) his ii;^me in 1960, 1955, and on back to 1935. In developii^ Table 94*4^ 1 
assumed that cohort 6, (degree recipients in 1960) was, on average, 30 years of age. The income for 
35 year^ld Ph.D.^s was talcen to be the geometric mean for cohort 5 (degrees conferred in 1955), 
etc. Annual earning hr the intervening ages (e.g. 32 or 58) were calculated from log^line&f inter- 
polations 4nd extrapolations J also assumed that in his first four years of employment, (ages 26«2^), 
annualeamings inaeaseat4percent per annum, and jump by 10 percent upon receipl of his degree. 
The income data for "bachelors" are the annual incomes of white males with exactly four years of 
college education as reported in the 1960 Population Census. 1 wbh to express my thanks to ?roL 
Sherwin Rosen who supplied these data to me. 

The annual equivalent incomestreamsappear{ngonlines3-aand3*b of Table 9.3^ are simply 
the cortstant income levels that would have gerverated the present values shown on lines 2*a and 
2-b. Unes 4*a and 4*b simply show the difference in Ji^time eamings. 

The "always nonacademie" group earns roughly 20 percent more than all doctorates due 
biigely to the fact that the always nonacadcmic doctorates are more likely to be in engineering, 
chemistry, physics, and some of the biological sciences. 

^ Techiwlogical advances and an incieasing ratio of capital to labor are the two most fre* 
quenlly cited explanations for the secular growth in real per capita Income. The perma^vent rate of 
inflation cannot be predicted, but growth rates for money incomes or3 to 8 percent seem plausible. 
In deriving p.r},1 tadtty ^umcthat rdativeir)Comes[e.g. ratios like(Vp/VBO] wiQ be unaffected 
by inflation and growth. 

The Importance of this adjustment for the seculargtowth in money incomes was tecog^\iied 
by Weiss <1971) who used data for 5.^868 scientists to estimate the monetary returns to the Masters 
and Ph.D. degrees. In a sense, the distinction between randr* is akin to the distinction between 
real and nominal interest rates. 

'*Thc NRC data on starting Ph.D. salaries pertain to individuals who have just received the 
degree. They are thus not representative of the starting pay on the first appointment immediately 
following foil- time graduate stud 

Since Ifving expenses will be incurred irrespective of the decbion to invest in a Ph.D., only 
the extiaotdinary rncremental tivir^ costs arising out of having to live in specific localities, should 
be included in the full ecorK>mic costs. 

The data were i^kcr^ from Table 128 of the Digat of tducniionat Statistics, 1972. The same 
table presents data from the survey on tuition and toom and boatd expenses for four- and two-year 
colleges.* 1 have limited the data shown in Table 93-6 to universities.* 

-^*The Endicott data on starting salaries are higher than the 1959 Census data on eamings of 
white male college graduates, 22-24 years of age. Similar discrepancies Are also observed for 1949 
and 1969. If 1 had used the Census figures for foregone income, it wouH have reduced theeconomic 
costs by Around 15 to 20 percent. 

Weiss (1971) estimated the intemal rate of return to the Ph,n degree for an unsubsidized 
student with no outside income at 6.67 percent. Confer Wdss (r^71> (or comparisons with other 
estimates of the rate of return. 

^^The data reported in Table 98 of the Dj^/ do not indicate the size of the stipend The sample 
is a head count with 45.5 percent of all graduate students being 29 years of age or older. The per^ 
centagc holdli^ stipends fell with age, but this may be due to a contemporaneous correlation with 
lar^^tT thictions of older students being part*time graduate students^ only 26 percent of part-time 
students held stipends. Some 66 percent of futl-time students received stipends. There was very 
little difference between public and private universities, this may, inpirt, reflect different ratios of 
full to part* time stutfcnts. 

The Mooney sample irwiuded fellowship rec:pients in l959-6t. His cut-off data of 1966 may 
partial^ account for the low completion rate. It will t>e shown befow that only ^.t percent of all 
Ph.Dnr recipients complete the re<)uirements in l^ss than eight years. 

^' This does not mean that the Ph.D. is a pre^re^ubite for these' positions. No n -doctorates 
do hold down important positions on graduate f^ulties and make important contnbutions to the 
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scientific litcnturc. The value of the Ph.D. in securing such positions {s* however, 5ut>stantial as 
evidenced by the recent eirbafTassli^ confessions by two heads of research organizations In Colo- 
rado who admitted that they had fabricated their Ph.D. degrees. 

*^ A truty optimal (ideal) equilibrium would be one In which given the salaries and attributes 
of various jobs^ no Ph.D. would want to trade positions with any othpr Ph.D. and no employing 
institution would want to swap with another. This presumes that the Ph.D.'s Jnvofve<l in these 
conceptual exchanges possess comparable talents. 

** Weiss (1971) found veiy low rates of return to the masters degree^ and in some fields, it 
was even negative. Breneman (t970A) seems to feel that the morwtaiy returns to graduate education 
are negligible for those who do not complete the Ph.D. dt^ree. The is'due here is an empirical one 
that could^ in prirKiple, be settled by a good empirical study on the retun^s to partial graduate 
education. 

The ratio of monetary returns to cost^ (&r) has exhibited considerable variations across fields. 
In the 1950's, when fellowships, TA, and RA funds were relatively scarce^ medical schools were 
able to attract the veiy best of each senior class. Asiitore public funds were allocated to fellowships^ 
it w^s alleged th^t the quality of first-year medical students declined. Finally, ;he previous links 
between undergraduate and graduate fields seem to be breaking down. Most of us would agree 
that an AS degree in histoiy is unlikely to qualify a study for admission to a doctoral program in 
physics. Medical schools wovld not have admitted hEstoiy and mathematics majors only a decade 
ago, bulmanyare nowdoJngjust that. 

^^The problcmof quality adjustments is present in all studies. VVc must somehow combine 
Ford Pinlos and Pontiles in constructing a measure of the output of the automotive industry. The 
problem here is relatively simple since market prices provide a measure of quality differentials. 
The heterogeneity of individuals who are awarded the same degree, creates a difficult problem in 
defining the "outpur of c^tai^alcrt/ degrees. In the model proposed by Breneman (1970A), Ph.D.'s 
are classified according to a five point scale. By attaching a cardinal measure to the scale, it would 
be possible to construct a measure of the output of equivalent Ph.D.'s. 

State approprfations for highcrcducationarcoftcn tied to student cnrollmcnts(UfG), and the 
variable part of such appropriations should properly be included In R. The marginal revenue from 
^n increase in undergraduate inputs* » dR/dU, should include the *'net tuition" [less scholar^ 
ships] plus tied appropriations. If fellowship, TA and RA awards to students exceed tuJtbn plus 
state apf^priations, Jt might happen that the marginal revenue of an additionargiaduate student, 
R^ 3t dR/dC could be negative. Research X that is funded by public agencies, non-profit organisa* 
tions, or private parties, usually contributes to the university's revenue. If, however, more research 
is financed out of the "general funds" of the univeslty, R^ « dR/dX wilt be negative. Presumably, 
when Rt < 0, the research contributes enough to the achievement W to warrant the outlay. 

The effects of faculty inputs on the outputs, (B,D), are buried in some unspecified relation* 
ship of F to the attrition rates (a,fi). Further, more graduate studcntscan affect the output of bache» 
lors* especially if theyareusedasTA's. The difficulties of measuring cf^uft^^/frfl outputs and inputs 
will be discussed in the text. 

This conclusion is obvious under the first path since increasii^ly larger stipends must be 
offered to attract qualified applicants away from competing institutions. The marginal revenue, 
Ri s dR/dG, would be negative Jf stipends Over and above tuition waivers were needed to attract 
another student Under the second path, we must somehow convert studentsjnto equivalent quality 
units. The exceptional cases of students with low GRE scores from poor schools who do well in 
giaduatc school [and earn Ph.D.'s], prove the rule that there are trade»offs alor^ the quality 
dimension. There is, in principle, some numberof students with GRE scores of SO from Ferdonia 
State who together are equivalent in quality to one student from Re^ with a GRE of 95. 

^ Senior, tenured faculty are more likely to be assigned to the graduate courses, and the new 
faculty are often used to replace senior faculty in undergradi fate courses. If the expansion is accom» 
plishcd by hiring tenured faculty, the university incurs a long run obligation that may have serious 
impacts on future budgets. 

^' It should be repeated that the incubation period Js measured here in calendar time and tioi 
time spent in fuU»timc graduate study. The observations in the right tail of these frequency distn» 
buttons reflect (a) delays in beginning graduate study, (b) part-time study toward the degree, (c) 
delays in completing the dissertation after takir^ a full-time position* etc. Weiss (1971) reports 
that the variance of the time input needed to earn a Ph.D. (measured in semesters ur quarters of 
full-time registered study) is considerably smaller than the variance Jn calendar time. 

It is my understanding that the NSF supply model is based on estimates (by field of study) 
of the time profiles of completion probabilities, ;r>, calculated from the first-y ear graduate enroth 
ment data assembled by the Office of Education. There are sut/Stantial differences in both thi. mean 
incubation periud and the ultimate completion probability. Women and Blacks tend to take longer 
to complete the Ph.D. and smaller fractions of them cam the degree. 

Breneman specified a production function in which the output of Ph.D/s (in relation to 
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gr^u^tc enrollment) was relited tothe output of tenninal Masters dcgT««5^ the faculiy/^tudent ratio^ 
the proportions of graduate students rmiving felloAvshtps^ RA's^ and lA's* and the AEC rating of 
the dq»rtmenL He assumed a linear form for this production function and csiimaled its parameter? 
usif^ cross-sectitmal data for a sample of Berkeley departments* Brtfrveman's model V>citly assumes 
that atl departments (Chemistry, French^ Economics^ etc.) confront the same technical production 
function for producii^ Th.D/s. Further his data implicitly assume that students 3re^homo$encous 
both within and across departments. His model is sugg^ttve^ and it would be enlightening to 
uige further research along these lines. The model could^ for example, be extended to incorporate 
micio*economic data on the student inputs^ to allow for the allocation of faculty time to research ai 
well as to undeisraduate and graduate teachings etc. 

^ The following fonnula was reported by Breneman (1970B) as the one which was use<l by the 
Caltfomta State Utt:versity system to determine ihe number of futhtime ^uivatent (FTE) faculty 
positions in each department 



where tO ■ (pwer division enrollment. UD« upper division enrollments G| « first* year graduate 
enrollment, and ■ advanced graduate enrollment. The dii^t faculty cost per graduate ^^^ent 
is 2JS to 3 times greater than that for an undei^graduate^ even though the two pay the same tuition. 
The fonnula makes no allowance for authorized faculty slots that are supported by internal or 
temal research funds. 

According to Breneman {\970A)f many students interpret thetr ad mission to a doctoral pro* 
gram as implicit evidence that in the view of the department's faculty^ they possess the necessary 
qualiflcatbns to earn a Th.D. degree. 

^ In his scenario of the Berkeley Chemistry departments Breneman argued that nonacademic 
appointments were "neutrar with respect to the department's reputation and prestige fndex VV 
that was presumably being maximized. Hence^ the Chemistry department expanded tis demand 
for graduate student enrollments by loweiing the attrition rate and the time required to e^m the 
degree. I suspect that many of these nonacademic chemists were employed tn research positions 
that encouraged publieationsandparticipat ion tn professional meetings and conferences. If so, their 
research output^-outd make apositive contribution to the department's prestige- If the nonacademic 
jobs were not tn research^ would the Chemistry department behave ih the same manner? 

^ Moses (1972) pointed out that between 1%9 and 1972^ the fifteen largest departmentSf^duccd 
thetr physics enrollments'by 30 percent^ while physics enrollments in allinstltutionsfeUby only 17 
percent. It seems reasonable to suppose that the fifteen lai]gest departments are likelylo be the older 
institutions* No clear inference on^ however^ be drawn since it might have been the case that the 
contraction in Federal and public funds was larger for these fifteen departments. 

In the light of the long incubation periods that are needed to produce Th.D.'s^ {i should be 
possible to assemble fairly reliable data on the inventory of 'Th.D.'s in process". Nearly all of the 
students who will be receiving doctorate degrees in the next four to six years^ either ^le already in 
the pipeline or have accepted admission offers to erter the doctoral programs for the coming fall 
semester. The graduate deans who presumably have such data at their disposal predict virtually 
no chvinge in the annual output of Ph.D.'s for the next four to five years. 

Certain private andone<>r two public universities point with ptide to their t'^k records of 
emp'^ytng faculty members who have made significant andorigiral Kholarly contributions to the 
advancement of the sciences and arts. It is not surprising to find that these institutions typically 
have lower student to faculty ratios because their faculties are making substantial contributions to 
scientific and literary research. Moreoever^ to the extent that publfc agencies' and non-profit h;* 
search oi]ganizat ions are prepared tt} allocate resea^h funds to the unjversi^'s budgets these fman- 
cial considerations will also affect the equilibrium students to faculty ratio. 

^ Institutional practices with respect to tenure anangetnents and salary policies may prevent 
a university from implementing some of these substitutions. 

^> The validity of even this modest contention can be debated. If there azelagstn adjustment, a 
policy initiated and undertaken in year t may affect doctorate suppMes in di.-mai>ds in years t+1, 
l^2t In this events the policies prevailing in the recent past nnaygi.»nerate ttme paths fordoctoate 
suppBes and demands that are very different from extrapolations of trends on the dependent 
variables. 

It IS i^miniscent of the story of the two rabbis who were studying the question. "Which is 
more important^ the sun or the moon?". After considerable debate, they concluded that >> was the 
moon because It gave light in the night when^ it wa^ most tweded. 
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Appendix Note A: BLS Projettions of Industty Employment and Occupational 
Ratios 

The employment projections by indtistiy are developed in various ways. 
One approach is to begin with prior projections df Heal output demands which 
are then converted into industry employment requirements by using input-out^ 
put matrices. A second approach is to relate industry employment to certain 
aggregate variables. Acconiing to Bulletin 1606* employment for many indus- 
tries were projected from regression equations of the form* 

(B.) E|t = /?oi + J3ieXu + . . . + jSsiXm + eji 

where Ejt = employment in industry i in year t, Xu = GNP in constant dollars* 
Xat = the national unemployment rate* Xat = the number of persons in the Armed 
Forces, X41 = the civilian non-institutional population 14 years of age and older, 
andXst = t - a trend variable. The parameters of equation (B.l) were estimated 
by ordinary least squares using annual historical data for the period 1947-66.* 
If we let Xhf^ denote the assumed values for the explanatory variables in the pro- 
jection ^ar p, [h = 1,2 . . . 5J , the projected employment for the i-th industry is 
obtained as follows: 

{B.2) £1, = El, = ^01 + ^uX„ + . . . + ft^Jisp. 

Thus* projected industry employment is a conditional forecast which depends 
on the assumed values for the exogenous aggregate variables. Since the para- 
meter estimates* O^oi* - - - random variables* it follows that El. is also a 
random variable. If the projections generated by this simple model generated 
implausible results* [or if it did not exhibit an acceptable statistical fit to the - 
sample da^a]* it was replaced by a projection based on judgment or extraneous 
information possibly including a regression equation with explanatory variables 
other than those identified in equation (B.l). Finally, the industry employment 
projections* are normalized to be consistent with the assumed projected 
level of total employment in the economy as a whole. 

The BL& method for projecting occupational ratios is less clear. The Census 
data for 1950 and I960 were used to calculate the observed occupational matrices^ 
(nj), for all industries and occupations. Such detailed data were not available 
for ]nter\'ening years* but for a smaller set of broader occupation/industry 
groups, it was apparently possible to estimate observed ratios by using data 
from the CPS and other industry sources. Trend equations were appareritly 
fitted to these time series data, and the eKtrapolation of these trend equations 
gives one set of estimates for the occupational ratios in the projection year. 1 
assume that ratio projections rn* forall occupations and industries were some- 
how generated by interpolation using the complete occupational matrices in 
1950 and 196C as benchmarks. Again* when the trend equations and interpola- 
tions yielded implausible values* subjective estimates based on conventional 
wisdom* employer surveys^ or judgments by experts and BLS analysts were sub* 
stituted. The projected occupational ratios can surely be regarded as random 
variables even though the BLS methodology does not allow us to identify the 
probability distribution of r,j. 

The projected manpower requirement for the j-th occupation, Ej* is simply 
the product of the two projections summed over all industries. 

E, = 2^/ij 
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It is thus the sum of the product of two random variables. If we knew the proba- 
bility distributions of Et and ty, we could, in principle, derive the sampling 
distribution for the occupational requirement £j thereby allowing the construc- 
tion of a confidence interval.^ However, a confidence interval is useful'to a 
policy-maker if and only if the estimate of the occupational requirement, Ej, is 
unbiased, and the retrospective evidence relating the projection to subsequent 
realization, soundly rejects this hypothesis. 



^The industry employment data used for these regressions referred to wage and salary em* 
ployees. The piojections of Wage and salary employees were then inflated to include the "other 
employed persons" with suitable adjustments made to net out multiple job>holders. Equation (B.l) 
describes the initial model specification. If some explanatory variables were insignificant^ th^ 
were omitted from the final equation that was used for the projections. Some examples of these 
equations are shown in BLS Bulletin 1606, Vol. IV, Appendix A. 



^Let Zu ^ Tu^i. denote the product of two random Variables. If ft) and E|. were independently 
nomtally distributed, a Bes»et function desijcribes the piobabiU^ distribution of 2y. When and 
tt. are jointly nomtally distributed and their correlation approaches plus one^ the dbtribution of 
Z|j approaches a non-central chl-square distribution. In short, deriving the sampling distribution 
of Z\} Met alone the sum of such Variables] calk for more information than that which can be pro- 
vided by the BLS methodology, ft is thus not surprising to find that no attempts are made to indi- 
cate the sampling enors implicit in the BLS projections.- 
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Herbert E. Carter, Presiding: 

In 1965 Congress saw Rt to alter the statutes with regard to the National 
Scienc "Dundation and the National Science Board, and some very deep-seated 
and important changes were made. The wording was changed from NSF^may'^ 
support social science to NSF "should" support social science. Applied research 
was to be given greater attention. 

The National Science Board was required toissue a yearly report^endits first 
report (1969) was jssuedin two parts; the firsts more general section was entitled 
"Toward Policy for Graduate Education/' The second part, prepared by Mr. Hart- 
man, had an enormous amount of data about the graduate educational process 
over the past hundred years. 



* Present iiddf^ss: Chairmitn of the Board and Chief Executive Officer KMS Fusion, he, Ann 
ArWy Michigan. 
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That first Board report, prepared largely by Hiil Handler and Charles 
Slichten expressed the optimism and euphoria which were just on the verge of 
disappearing at the end of the golden age of science. The philosophy of the report 
was that it is impossible to educate too many or too high a percentage of our 
bright people to the limit of their intellectual ability as long as there is an ade- 
quate diversity to the process (not every member of the Board accepted this 
caveat). 

At that time, the Foundation and the Board were suppotting and getting 
funds for centers of excellence for institutional grants to expand the Ph.D. com- 
petency of this country. Departmental grants, fellowships, and thentraineeships 
were being provided. It was, indeed^ an opttmisticand expanding economy at that 
time. 

The change began, slowly, and later came ever more rapidly. Space and 
defense began to cut down, then there was a transition to cuts in civilian sectors 
of the economy. The traineeships program disappeared; fellowships were 
reduced to almost a minimum. Unemployment began to appear somewhat later. 

Some in the scientific community made bitter accusations against the Foun- 
dation for having engaged in policies over the years that were now contributing 
to putting scientists out of work. Indeed, NSF and the National Science Board 
have been deeply and increasingly concerned about the manpower problems. 

Increasingly in this transition period from a goods to a service economy, and 
with changes one can foresee in the universities, there were and are questions 
such as: Should graduate education be dissociated more from basic research? 
And, of course, with the advent of economists at the Board table new imputs were 
added. We began to learn that in the last four or five years the sophistication and 
methodology for studying manpower problems was expanding at a rapid rate. 
This has been an area of ferment, of research, of bright young people devoting 
their attention to these problems. Of course, a better understanding of these 
problems is fundamental to a number of the challenges that the Foundation faces. 

We felt that if a group could get together for a day or so, there might be some 
progress in understanding the manpower problems and wecould better establish 
our priorities as a board. We wanted to provide catalyzing interactions which 
would be useful to experts in the field and to others. ' hope that this will be the 
Rrst of a series of such meetings that might be held over the next five years or so 
to enable us to do a much better job of looking at manpower. 

Russell O'Neal: 

The National Science Board Manpower Subcommittee has been charged by 
the Board with carrying out a critical^ comparative study of existing manpower 
analyses and the assumptions which underlie them. Bob Dicke^ Glenn Campbell 
Marshall Hahn, and Harvey Broob have joined me in this task. 

In structuring this seminar, we sought the participation of people who would 
present various points of view regarding the value of projections^ and whether 
and how projections might be improved. We wanted to bring together leading ex- 
perts, as well as users in industry, government, and universities, for the lively dis- 
cussion and controversy which this forum would generate. Perhaps it will be 
possible in this roundtable summary to develop some conclusions and guidelines 
for future efforts, even if they need to be tentative. 
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We wish to focus on three topics^ liste(t in order of priority as follows: 



1. What is the status and use of scientific and technical manpower projec- 
tions? What are their limitations and impacts? And, what can be done to 
improve them so that they will be more useful to various users^but par- 
ticularly to students (either directly or indirectly) in making their career 
decisions? 

2. What trends can we see in supply-demand, and particularly what is 
happening in the demand area? 

3. What can or should be done to design programs more flexibly so that 
students can have more options for meeting changing job opportunities, 
particularly in industry? 

Giveri the w^ole of this seminar, it is my impression that significant im-* 
provements have been made in projections. Dr. Oi and Dr. Freeman have 
proposed more sophisticated approaches and analyses. Yet we must still go a long 
way before projections really become useful. There is a need for a greater dis- 
aggregation. Bob Evans and Fred Boiling pointed out that all engineering dis- 
ciplines should not be lumped together, and Bill Hamilton has talked of great 
differences in trendsbetween various fieldsofengineering. Lee Grodzins pointed 
out a need for both global and microscopic data, and suggested that a bottom-up 
rather than a top-down approach is needed when looking at manpower re- 
quirements 

Dave Breneman and others have emphasized the inabilicy of models to take 
into account Federal policy changes. It seems important that Government policy 
and legislation be incorporated into projections, at leastona^what if'' basis. Dr. 
Lecht spoke of environmental legislation. Mr. Goldstein mentioned that an im- 
pact study was made at the beginning of the Space prog ram. That study should be 
examined to see how it looks in retrospect. We have a golden opportunity right 
mo^, as Lowell Paige and I discused briefly^ to study the impact of the energy 
program^ and to collect data in such a way that :he accu racy of the projections can 
be checked at a bter date. 

Dr. Breneman emphasi2t^J iliai we uccd research on behavioral factors 
affecting supply and demands and Ken Clark has said that much useful data is 
available just waiting to be analyzed. Harold Goldstein warned that manpower 
projections must not be done on an ad hoc basis, but must be carried on with con- 
tinuing and unremitting research^ within the broad context of the entire 
economy. It has been emphasized that there is a need for a much deeper study of 
the causal effects of deviations of actual experience with forecast results. 

Bob Evans made an interesting suggestion when he asked whether a bell- 
weather can be found that willwield trends. He suggested computer systems. Are 
thereotherbellweather areas that should be considered? The comment was made 
that there exists a need for a range to be given to the projections, and certainly 
Charles Falkhas given us two ranges. 

There is a lack of good data from industry on manpower projections to in- 
dustry. Long-range manpower requirements are only as good as the long-range 
technology forecasting and the long-range business planning. Business planning 
is becoming much more sophisticated^ and it probably can be expected to provide 
better manpower data. However^ as Boiling told us yesterday, we will always be 
affected by major impacts such as energy. 
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There is no, reason not to plan. On the contrary, it is important to have a 
baseline plan. If there is a good baseline plan^ it is easier to make Intelligent 
changes as dictated by impacts. Sophisticated business planning includes con* 
tingency plans. Perhaps this is analogous to the "what tf" efforts of impacts on 
projections which have be^n mentioned during this seminar. Dr. White has 
pointed out that projections have not been in a form which is very useful to in* 
dustry, except possibly in long range planning. 

In regard to the second priority item, trends in demand, the seminar has not shed 
much light on trends. On one hand, we know that engineering unemployment is 
under 1 percent and there is a lot of talk about potential shortages in engineering 
and chemistry, whileon the other hand Bill Hamilton (Boeing Aerospace) told us 
that he is doing the same dollar business with one'half the engineering people 
that were used four or five years ago. 

In regard to the third prT6rity item, moHvaficn hward greattr fta[ibiUt}f,^ number 
of comment; were made. Dr. Kidd pointed out that people must be trained to be 
able to ntoveor transfer. Dr. Hubbard said that attitudes and behaviors of the 
schools mua change in order to' meet the challenges ahead, and Dr. Barrow 
pointed out that Exxon was hiring fewer Ph. D.'s, because Ph,D. shad become too 
specialized. Dr. Grodzins said we need to formulate policies that could transfer 
easily. In concluding, it is for others to tell us the specifics ofwhat should be done 
in these various ureas of the manpower projections and policy related matters. 



Dr. Kenneth Qark: 



Althou{;h we have been talking about a series of models and devices to make 
predictions, this is a society in which career choices are not controlled. The 
system is one in which there are widely dispersed influences operating at widely 
dispersed control points. The choice of options is sometimes in the hands of the 
individual who is selecting a major or selecting an institutioni and sometimes is in 
the hands of the faculty, or the admissions office, or of employers. We are trying 
with our an^ilytical approach to understand how the whole system works. These 
analyses will improve if our data base improves, and that's a necessary 
prerequisite. Some of the analytical descriptions presented here include untested 
assumptionfi which are made in order to develop the system but which may be 
wrong. Guesses should be avoided when empirical evidence is available. 

As a second point, it should be mentioned that in order for an individual to 
make educational and career decisions in a realistic fashion, it is not a necessary 
condition that an individual know precisely which factors influenced his decision. 
Asking him to tell why hejJid things may not provide the sortof information that 
will be most useful. 

On theotherhand, any prediction system or any form oFanalysis of the total 
should define the separate parts or factors of the system and indicate the way in 
which they operate. 

lam uncomfortable with statistical pragmatism in which the only intention is 
to see whether or not the prediction comes close to an end result. We want to be 
able to predict the effects of any sort of intrusion into thesystem^and to know in 
some rational fashion that those intrusions work as predicted, because it is then 
that we can see how the total model works. 
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There are several things which need to be done in order to improve the 
analysis of manpower problems. First, there is a need for better organization of 
manpower data; most of our data is pretty disorganized. It is not even collected in 
an orderly fashion. Spedficalty.thereshouldbean up-to-date taxonomy of scien- 
tific manpower. Everyone likes todte his own index numbers. Why is it that the 
last available student figures are for 1971? This is the academic year 1973-74. 
Enrollments have been known since la^; September, and itis already known what 
degrees are going to be a warded in May and June. But what ts known locally will 
not be known nationally for two more years. The need, then, is for a system 
which is orderly and up-to-date. 

Certain data ought to be col lectediti some sort of telegraphic fashion early in 
every year or even in every <:emester, including: student choices of courses and 
majors^ the number of students in certain key beginning courses, the number of 
beginning graduate students, the number of fellowships and assistantships^and 
the number of degrees to be awarded. 

Second, thereshould be some way of assessing the effects of various forms of 
influence on choice of fields and choice of jobs. This requires more than merely 
counting large numbers. It requires the collection of data on Qohort groups with 
the same subjects being folbwed over a period of time. Studies of cohort groups 
have been initiated t>efore, but it is ver^ difficult to keep the files going. It turns 
out to be so expensive that most think it not worthwhile. But we suffer in the 
long run by not having this important information, iVlanpower data systems also 
need to be more sensitive to quality. A zero change in numbers does not 
necessarily mean that everything is in an ecjuilibrium state, 

A third po\n\ is thatthe present methods for making projections include some 
assumptions which are testable^ yet remain untested. There should be com- 
missioned a series of planned and coordinated reviewsof past data collection pro- 
jects in order to evaluate the possibility of testing someof the assumptions in our 
current models. We then need to translate these reviews into a new set of data 
collection procedures and analytical methods which we can progressively im- 
prove by a series of iterations. Such a sequential procedure might also lead to the 
discovery of other, not yet recognized influenceson the tolalitianpower picture. 

Allan M. Cartter: 

One good thing is that the discussion is coming together again on the 
problem of fixed coefficient models versus recursive feedback models. The issue 
has been thrown up in some kind of stark relief. The so-called fixed coefficient 
models are not necessarily consianl coefficient models. That distinction should be 
made. H is true that merely extrapolating trends does imply a certain in- 
dependence of market forces. However^ the last two or three years have en- 
couraged us to look more and more at the market. 

The market models are a major step forward, a step toward the real world. 
Yet even in a model with elasticity assumptions, there is a kind of fixed coefficient 
once removed because the supply and demand schedules are not linear, and small 
changes will have somewhat different effects than Urge changes. 

Most of the models prior to 1970 were more or less fixed coefficient models 
and were intended to be projections, not predictions. They were intended for 
their shock effect, to show that the system was on a collision course and 
something needed to be done. Most people who built fixed coefficient models 
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qualified their conclusions with the recognition that the real world can't act that 
way— that the system would have to undeed does) respond to changes in retire* 
ment# relative salaries^ etc. 

It would h€ a step forward to build such adjustments into the models and 
really try to predict the future. We are more interested now in real forecasts, and 
understanding response mechanisms and adjustment processes df the real world. 
In the context of this conference, we are concerned about whether or not pubUc 
policy should intervene, either to reduce the time lags or to attempt to stabilize 
the system by antidpating future market needs. 

Another distinction which should he made between the extremes of fixed 
coeffident and pure market models is that different procedures may be ap- 
propriate at different levels. If one is talking about high school graduation rates, 
they may be 5 percent market influenced and about 95 percent determined by 
State policy, plus parental and societal expectations. In regard to college attend* 
ance or graduation rates, the influence is pe rhaps about ISpercent market and 65 
percent non-market. However, at the graduate and professional school level, the 
ratio is 50f50, or perhaps 75 percent market and 25 percent non*market. 

Another way of saying it, ineconomists'terms, is that undergraduate educa- 
tion is probably 65 percent consumption and 15 percent investment, whereas 
graduate and professional education, because of its career-oriented nature, is 
probably 75 percent investment and only 25 percent consumption. 

- ThMS' when looking at the market for doctorates, you have to build in market 
assumptions or ignore reality. Similarly, for models such as the NSF supply and 
utilization models, the further ahead you look the more you have to build in the 
market. If one only looks five years ahead the market can probably be ignored. 
Students are already in the pipeline, and the market does not have much influence 
on those individuals. If Cf-^rles Falk starts looking fifteen or twenty years ahead, 
however, then obviously it has to be with a market-oriented model. 

I would like to second Ken Qark's remarks. If we are to know more, we mwsf 
improve the data. The one thing about building market models is that it reveals 
what data are needed. On the other hand, if one merely extrapolates and uses 
fixed coeffident models, you can keep score on your accuracy, but know nothing 
new when you're finished. 

The point made by both Freeman and Oi is valid. Forecasting ought to be a 
learning experience. You should have feedback so that the model can be im- 
proved, so that it reflects the real world. We need to better monitor the system, to 
know more about the flows in specialized disciplines. The physics society has 
done a Brst-rate job. If all disciplines had done what physics has done over the last 
seven or eight years/ manpower modeling would be much further advanced. 

We need better data on employment/ on mobility, and on compensation. In 
any given year in the academic market place there are new teachers hired; there 
are faculty members who switched institutions but stayed within the system; 
there are senior people who retire; there are people coming and going from 
government and industry; and there are individuals who have offers to move but 
chose to stay. Taken together, all of these categories add up to 25 to 40 percent of 
all college teachers, so in a sense this many are subject to market influences in any 
given year. The assumption that faculty members are insulated from the market 
appears to be inappropriate. We need much better data on this subject. 
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One example of the problem of limited information is provided by the Office 
of Education statistics on college faculty. Two large surveys v^ere conducted in 
1962 and 1963. Biennially since then, OEhasdone small sample surveys of college 
faculty. Yet the Dige&i of SMisiics gives a series of data going back 10 or 15 years 
which is half*guess and halfnnterpolation. The 1972 Projections of the National 
Center for Educational Statistics rewrote the history of the last 10 yearS/ and 
reduced by 12 percent the number of faculty previously daimed in the system in 
the early 1960's, and raised other numbers for the early 1970 s by ten percent, 
changing definitions and interpretations. 

There is not even a good faculty survey that has been done ^ince the year 
1968. How can one hope to build a sensible model if he Bnds ihat the v^hole 
history of the last dozen years has been rewritten and changed. The incremental 
faculty-student ratio additions have been changed by something like 25 percent 
for the last decade. 

It should also be clearly stated in advance that all projections of so-called doc^ 
torate surpluses or shortages are tx>und to be disproved by the facts. There are 
not going to be empty classrooms, and Ph.D.'s will not b^ selling apples. Economic 
forces really do dear the market by causingchanges in hiring standards and salary 
rates. If doctorates are in short supply, individuals with lesser qualifications are 
hired, and if doctorates are \^ abundant supply, individuals with stronger 
qualifications are hired. Salary levels, particularly at the point of entry/ are flexi- 
ble. If there are insufficient jobs in R&D or teaching/ then there will be large 
changes in the so-called ''other employment" category. The Ph.D.'s will be 
employed somewhere/ even if self-employed or driving taxicabs; unemployment 
is an unlikely alternativa for doctorates. 

Finally. Or. Solmon's comments on the nature of the definition of un- 
deremployment are very important. This is an area that needs serious attention. 
Often/ the terms ''underemployment'' and "enrichment" are used as though they 
are synonymous; however/ in a qualitative sense these are two very different 
states. So. incondusion, I would plead for much better data, more research/ and 
more forecasting with a variety of more sophisticated models. 

Mina S. Rees 

E>r. Hubbard talked about government policy being an overriding variable in 
its impact on projections/ and the government policy of equal opportunity, 
translated into the various rules for operation, does raise some questions for 
women about how to interpret what has been going on. 

How should young women view the projections which should make free per- 
sonal choice better informed? We have^been talking about that problem. People 
have been warnmg about lowering standards if the requirements for women on 
faculties are to be met. \ take the position that that is quite false. There is no 
reason whatsoever to believe that women will not be just as qualified and just as 
able as men. 

There were eighty-six finalists in this ye^i. ^ Dissertation Fellowships in 
Women's Studies administered by the V\bodrow Wilson National Fellowship 
Foundation, Virtually all eighty-six of these were absolutely first-class. Their 
thesis proposals were interesting and quite imaginative, and they were 
££commended (usually by men) as among thebest students at their universities in 
their many disciplines. Each of these women was planning to teach, and none had 
been turned off by recent threatening projections. 
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Howeven if we follow Dr. Breneman's suggestion and explore behavioral 
parameters/ it would be well to investigate how universities are threatening the, 
employment of women. Are women to have preferred positions in new hires/or 
are they not? Young women are assuming that thcyaregoingtoget jobs/butitis 
unclear how universities are going to treat this situation. 

It was interesting to hear from Dr.Kelley earlier that the most recent results 
of the National Research Councilindicate women areearningPh.D.'s in thcsocial 
sciences, a fair number in the biological sciences^ but not many in the physical 
sciences. However^ the pattern is apparently changing. 

Nevertheless, it is extremely important tiiat universities h«ive role models on 
their facultiesi as Dr. Cooke suggested/ particularly in the natural sciences. Vir- 
tually all of the professionatsocietieshave been compiling rosters of qualified and 
available women, and the AAA5 has been coordinating these various rosters so 
that they may be presented in usable form. There are still many frustrated older 
women who are well qualified and who simply fed that they are not getting 
recognition/ and it is extremely important that there be role models in the 
sciences so that additional women do go into science. 

How are graduate schools reacting? A little over a year ago, I reported on this 
at a meeting of the American Council^on Education devoted to women in higher 
education. In most good graduate sdiools/^here has not beenserious discrimina- 
tion on admission and fellowships/ but the reports on dropout rates and complex 
tion of Ph.D. have been generally unfavorable in the past. 

However, at the City University of New York where an institutional study 
was made last year, the findings were that on^he average/and in nearly all fields, 
women are performing at about the same level as men. The City University is an 
unusual institution and has unusual student? Butone of the most unusual things 
about the University is that I was headof the graduate program in spite of my be-* 
itig a woman. This role model may have had real impact. Universities are now 
attempting to appoint women to important administrative posts. Howeven until 
this is realized on a broad scale there willbeanimportant factor weighing against 
the attainment of rates ofcompletionof graduate school comparable to rates for 
men. 

If we do achieve public debate on the manpower budget needed to support 
the kinds of new programs that were discussi^d earlier/ hopefully a few of you will 
remember that womanpower is an important aspect of what is called "'man- 
power." Particularly in new programs of energy research and environmental 
protection there is need for affirmative action.] hope that N5F will incorporate an 
affirmative action program in its research activities by making an effort to include 
the competent women who are becoming increasingly available. 

One final comment: Dr. Hubbard observed more or less parenthetically that 
birth rates have fallen specifically in the societal groups that have provided the 
graduate students tnour universities. I calUttention to the fact that/ provided the 
birth rate does not fall to zero/ there wilt be twice as many people in the ap- 
propriate age group/ eligible to be gra luate students as Dr. Hubbard was coun- 
ting since/ tf present trends continue/ both men and women should be counted in 
the future while a very large proportionof the graduate students included in the 
past statistics have been n^en. 
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Lewis M. Branscomb: 



Iwilltreatmyselfasatest subject for this conference. Because lam not an ex-- 
perienced manpower forecaster, I associate myself with those in industry who 
don't really know how to use manpower forecasts in their aggregate form. These 
are my questions: Am I supposed to worry about whether or not there will be 
enou^ engineers in 1985? Do government fellowships and traineeships have 
anything to do with the qualify or quantity of scientists andlengineers? Are the 
present surpluses unfortunate side-effects of the self- prescribed medicine of 
fellowships^ traineeships, andinslituttonat support programs advocated by those 
who saw a need for scientists and engineers for the space and other programs? Is 
supply highly responsive to wages or not? If it is* what is it that keeps employers 
from paying what it takes to get all the good people? 

Professor Ot impresses me very much with his discussion of the risks of 
focusing on numbers abne.Thehidden assumptions and difficulties of definition 
that plague theartof makingprojections perhaps should be#themselves# the sub* 
jects of primary interest. We really ought to study the process of people under- 
taking scientific and engineering careers, and try to understand the conditions 
that affect quality and various career patterns. Perhaps we should not attempt to 
deBne boundaries so narrowly that single numbers can be used in aggregate 
descriptions. If in manpower studies we identify the phenomenology and then 
focus on that phenomenology, then we will be less likely to draw the wrong con- 
clusions from numbers. 

Macro-analysis obscures skill levels* quality, and the dynamics of utilization. 
If I am told that 5 percent of the science and engineering pool each year are going 
to have to find something else to he* I don't know how to respond. It is quite cer-: 
tain that this country could get along with at least fifty fewer universities giving 
PkD.'s in chemistry and physics. Certainly IBM does not want toh ire thebottom 
quartile of that production* and neither does anybody e*se, although someone 
probably wilt. It may be that society will be better off for the something else they 
do, and we shouldn't assume that the fact that som^fpercentageof the people who 
receive this very expensive education only utilize it for ten years then leave* 
represents a poor return on investment. The total investment in the educational 
system is clearly reflected in the aggregate contributions ofallof its products. If 
amortizing the investment of the bottom quartile over five or ten years and then 
moving them out enables the system to have a quality competition that serves to 
raise the quality of the top quartile* then we may be very much better off. 

So 1 would endorse Dr. Freeman's stress on the need for policy models, that 
is, models which incorporate policy alternatives of appropriate institutions. 
There has been a moderate, but not very great* amount of discussion of govern- 
ment policies. There' has been only a little discussion of industrial recruiting 
policies* and verylittlediscussionofuniversitypoticies. The feedback is there^ but 
it is a loosely complex system. 

Since Freeman tells us that occupational structures are more flexible than 
wage structures, ( assume that aggregated numbers of people are not really of 
primary interest. 

Indeed* I find it difficult to take the aggregate numbers seriously* when I see 
engineer* scientist* and discipline breakdowns* but nowhere breakdowns for 
programmers* systems architects and engineers, information specialists, or other 
such specialties that IBM would like to have in large numbers. In fact* IBM 
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employs fufl-time teachers to teach electrical and mechanical engineers the skills 
needed to enter the above professions. Althouglt computer scfence departments 
of universities train people which IBM finds exceedingly valuable in Its research 
division, and indeed^Opercentofthepeople in IBM's R&D are trained by the uni- 
versities, there still remain specialties that have been overlooked by the 
educational system. 

The IBM business strategy for the next fifteen years is based ona technology 
with a future growth that is limited by the avallabllityof skilled manpower for its 
customers. Because of the need for new professional specialties, IBM is actively 
involved with a number of universities Inthe creation, development, and support 
of new graduate programs. 

Dr. Kennedy made a point in which he noted the very fortunate fact that 
M.D. researchers receive the type of training which permits them toe vol ve from 
research activity into practitioner activity very ex^sily and with very little social 
strain. Perhaps medicine is unique in this, because the practitioners ^re well paid 
and highly respected. You are not taking a step down to go from researcher to 
medical practitioner. One might think'it is a step down to go from physics 
research to product development, the analogy for engineering, but this should 
not be the case. 

A very hard look should betaken at the structure of the professions and the 
kind of training people receive. We should ask whether or not there is a way in 
which young people can get practical training early, training with enough basic 
science and excitement to stimulate interest In research. It would beeasier for an 
individual, at a later time, to make the choice to get deeper and deeper into 
research or to be an even better practitioner than otherwise. 

If you look at a number of very outstanding baste scientists in this country 
wtio came to America from abroad, you will find a number who were graduates In 
electrical or civil engineering in some far-off university. Many had strange un- 
dergraduate backgrounds, very sophisticated basic science training in graduate 
school here, and then combined in their future lives that extraordinary ability to 
mix application and basic knowledge. 

Finally, this ccMiference really has not talked much about R&D productivity 
(i.e., the dollars of business produced froma manhourof R&D effort) and the in- 
flation in costs of R&D manpower. In some sense, N5F needs to help address for 
the society as a whole the problem which some at IBMcallthe"technical vitality" 
issue. That is, how does one maintain an innovativeand flexible R&D^ommunity 
in a growing economy where manpower growth rate is significantly slower than 
economic growth rate? This is one of the broad questions we need to ask about 
the country's R&D infrastructure. 

Very little attention Is given to the question of research and development 
productivity and the many things 1 think the government can do to enhance it. 
The load-leveling of the universities Is another important issue, as is the whole 
problem of mid-career guidance and evolution. These two issues are related. 
Whenever the utilization rate falls short of supply, the dynamics should be 
managed by lateral transfer throughout the career chain, rather than by im- 
posing the burden on the universities and on the students where both the finan- 
cial and emotional Impact is hardest to handle. 
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The level of research support for manpowerstudjes should be raised so that 
there are more accurate and better understood manpower projections. It should 
be pointed out, however, that when projections are published, other people will 
take the data and put their own construction on it, sowe must be cautious about 
what we say. 

Which way should we be going? That is a question 'being asked by this 
seminar. There is not yet a convincing rationale to reestablish large-scale/ direct 
support of graduate students, but this does not mean the NSFand the National 
Science Board will not work for more fellowf hips. Science must have its share of 
extremely qualified people, but the numbers wh^ can be aided by the fellowship 
programs will be so few thattheireffectonthe total number of graduate students 
will be minima). 

The National Science Foundation and the National Science Board keep 
pressure on n:any programs^fellowships, basic research/ applied research, 
education support, etc., but necessarily concentrate on a few. This year, emphasis 
was placed on two things. The first and 'overwhelming activity was the support of 
Project Basic Research, 9S or 99 percent of which is carried on in the universities. 
Second, NSF's position ;n the energy field, both basic and applied, was 
strengthened. The budget for these two items went up 25 percent. 

The results of this meeting seemloindicate that even if theNSFweretocon* 
centrateon fellowships for next year, additional financial support might well not 
be forthcoming. However, the basic research progranv doeo support first-rate 
graduate students, and it does focus on the best univmities. There is a very 
strong connection between quality of university and batting average on 
proposals in basic research. ' 

The United States needs a very strong science community. Scientists and 
engineers are going to be deeply involved in such problems as energy, materials, 
and food. G)mmunicating with society on that relationship may be the most 
effective way to influence this manpower supply. There is some evidehce that 
enrollment in graduate schools and in engineering schools and enrollment in 
courses that relate to a modem and long-lasting problem, namely, energy, 
reflects the influence of societal problems on students. Yet it is important to gq 
forward with manpower studies. Such studies may begin to give u9 the detailed 
structure of the futureof manpower needs, and manpower supply^ and will help 
sort out major policy questions. That is our hope for the future. 

General Discussion 

G)mments and concerns were expressed as follows in the period of general 
discussion which followed the Roundtable Summary: 

* There are some who react simplistically to projections that appear to 
show statistical oversupply^ and some in the larger community of non* 
scientists who parrot back casually, "Why do you want fellowship 
money when there are too many doctorates?" At this conference, there 
has been a considerable demonstration of the awareness of the real 
problem, the characterof the problem, and the meaning of projections. It 
is unfortunate that the larger number of people, those who have been 
making simplistic decisions, could not participate in this discussion. 
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An opinion was offered that fellowships probably have something to do 
with encouraging bright kids to try for graduate degrees and therefore 
nUght be used to strengthen certain disciplines, tt was explained that 
NSF fellowships are given on a straight talent basis and that studentsare 
free to choose school and field of study. If physics were to be strength-^ 
ened/ for example, traineeships, no* 'ellowships, would be required. 

Rhetorically it was asked/'ls theregoing tobe a single job openfor white 
males in 1980? It may turn out that with the^firniative action^rogram 
and the Gvil Rights Act in effect/ there may be 2ero jobs for some."In 
reply, it was suggested that what was interpreted as affecting white 
males affects all and that the biggest manpower problem in science and 
engineering today is/ "What do we do to insure that we do not have a 
missing generation of teachers'and researchers in the universities?'' 

Dr. Cartter spoke of looking at this question by applying apparent 
academic needs and supply to the future ^8^ distribution of college 
faculties, taking into account retirement rateS/ senior people into and 
out of various Helds^ and other factors. Suddenly/ by 1^90 only 3.5 per- 
cent of college teachers are under age thirty-five. That's the missing 
generation/ but the markef won't work that way. What will happen ts 
that there will be somewhat lower retiremeht ages, and deterioration in 
the relative salary of academic as against non-aCademic people. During 
the 1960's about 3 percent of faculty left eacb yeir to take jobs in in*^ 
dustry and government/ while an equivalent number came back from in- 
dustry and government. However/ if there were a change in the wage 
structure so the outflow were 4 percent and the inflow were 2 percent, 
then 6/000-7/000 new jobs per year would be created for young graduate 
students. Yet if there is a period of roughly fifteen years when there is 
no expansion tn higher education and the only jobs are created by retire- 
ment and death, then there could be a missing generation of teachers 
and academic researchers. 

'1s there any concrete suggestion that might come out of this con- 
ference/ about specific activities at specific agencies which could be in* 
itiated to explore inadequacies in manpower data and determine ways of 
improvement? For example, the wholeareaofthehumanities,whichisa 
large part of the university view of the whole manpower problem^ is ex- 
cluded from the excellent data collection and related activities of NSF." 

It was suggested that if these kinds of comprehensive data were 
now being collected by the Office of Education, that somehow the NSF 
and the National Endowments for the Arts and Humanities might joint- 
ly undertake such an effort, further remarks broughtout the point that 
neither of these national endowments is heavily involved in manpower 
production. The endowments are growing successfully^ so why should 
they become involved in this controversial area? But on the other hand/ 
the iVlodern Language Association does have considerable worry about 
the market. 

A distinction should be made between two kinds of data. One kird is 
status dah, such as the numberof students and amount of fellowship sup* 
port; the other is behavioral data. Enough longitudinal data have been 
collected so that with very marginal amounts of nic ~iey^ much of it can 
be brought up to date and made useful. The Office of Education should 
concentrate on publishing the status data quickly. We don't need 
another longitudinal survey. ^ 
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It was pointed out that models which emphasize one variable, such as 
earnings^ and ignore others could lead to erroneous conclusions. The 
question appears to be:"If it should turn out that all sorts of factors are 
involved— the employment of the parents^ socioeconomic class^ and 
other social matters— would it be possible to determine whether or not 
these sophisticated and complicated correlations could actually be 
dominating the whole system?'' 

E>r. I^^eeman responded, saying that most market models have not 
been one variable against another. They have been mutual regression 
models that often use somewhat sophisticated techniques. The distribu- 
tion of family backgrounds does not change much over five to ten year 
periods;^ so this type of question can be appropriately addressed at a 
different level than in these models. Further^ this type of information 
does not necessarily alter the elasticity estimates. They are derived 
through the use of multiple equations. 

In further discussion it was pointed out that it may be true that 
family backgrounds etc.^ may not change rapidly^ but public attitude or 
whatonemaycallthe rhetorical climate does change profoundly in short 
periods of time. The prevailing attitude toward things like science and 
technology may change abruptly. If the rhetorical climate is swinging at 
the same time that some measurable parameter in a model is changing, 
thb analysis may give a fallaciously large wieght to this parameter. One 
must be aware of this type of problem. It is true that non-quantifiable 
factors make big differences in the way people behave. 

It would be erroneous ioassumethatdataaresolackingor soconfltcting 
that one cannot make decisions about any aspect of the manpower 
problem. For example, it is known that the average age of the faculty in 
physics is increasing at an alarming rate. Further, the number of physics 
graduate students is declining, and the number of postdoctorals is^ at 
best, not increasing. 

There are two questions about the above facts. First, ts the quality 
of graduate students in physics changing? Secondly, who is going to do 
the physics research? When university professors are asked to teach 
more because the student to faculty ratio is increasing, then they will do 
less research. There are enough data to address the above two questions 
in a substantive way; it is hoped we do not go away thinking that we 
should ignore thefuturewhile we wait for some better understanding of 
the available data. 

Using American Council of Education ratingSy we can count the number 
of new Ph.D.'s who took their first iob^ in institutions of equal or 
superior quality to their graduate institution. For the time period 1967 
to 1972, the percent of male Ph.D.'s who took jobs in institutions of 
equal or superior quality dropped from something like 22 percent to 
about 16 or 17 percent, while for women Ph.D.'s it rose from about 15 
percent to 18 percent. One can only guess at the situation ten years in 
the future, but for now it looks as though discrimination in terms of the 
kind of institution where men a^d women took their first jobs has now 
disappeared. Beginning salary and level of appointment are another 
matter. 
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-^ Marketplace equilibrium needs to be studied very carefully. Itisunfor- 
tunate^that the university marketplace has not been discussed vis a visa 
drop in fellowships. There are all kindsof pressures on state colleges lo 
keep student enrollment high. A reservoir of teaching assistantships is 
needed for instructional purposes and for this the states supply, or a 
school supplies its own money. Fellowships tend torepresent a Hxed and 
inflexible amount of money, but teaching assistantships and research 
assistantships can be increased by cutting down on post-doctoral^^p-: 
p(rfntments. This Icindof tradeoff is made when it is necessary to keep 
enrollment high so that professors doing research have an adequate 
number of research assistants. 

A zero*growth phenomenon for universitiesi w^en suddenly imposed at 
the end of a rapid growth phase, has very drastic and serious conse^ 
quences that must be met by some kind of response. Some universities 
are spendingresourcestoencourageearly retirement. An attempt i$ be* 
Ing made to change the structure of the faculty in terms of the distribu- 
tion of ages because ft is absolutely necessary that these schools kave an 
opportunity to bring in bright young men and women. With onei two, or 
three^year terminal contracts,the lower ranks can be turned around un- 
til the top ranks move out at the other end of the system, and a better, 
distribution can be achieved. There are other pressures also— those 
related 'to civil rights issues, the failure to bring insufficient women and 
blacks. The onus of proof of compliance is on the university. 

In regard to the dissociation of undergraduate teaching from the 
graduate basic research activities, it was suggested that carefui thought 
be given to whether a complete separation of basic research from the 
university or reorganization of the structure within the university is 
needed. 

Finally then, it was stated that the conference had shown that the real 
issues for scientific manpower tie in the strength of the university, and 
in the total resources available for graduate education and in the dimen- 
sions of quality of that education. All of these are affected by Federal 
fellowships— even though such fellowships are a relatively small part of 
the totatcomplexof factors which relate to scientific and technical man- 
power issues. 
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